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Abstract
Alcohols and esters are oxygenated volatile organic compounds of commercial interest as
potential replacements for traditional solvents and fuel additives; their increased use will
lead to an increased release into the atmosphere where these compounds will contribute
to the formation of photochemical air pollution. Consequently, detailed knowledge of
their chemical behaviour in the atmosphere is required to assess possible implications of
their widespread application.
Relative rate coefficients were measured for the gas-phase reactions of hydroxyl radicals
and chlorine atoms with selected alcohols, esters and carbonyl oxidation products. At
room temperature and atmospheric pressure, the following rate coefficients (in cm3
molecule-1 s-1) were obtained:
kOH kCl
1-butanol (8.28 ± 0.85) ∙ 10-12 –
1-pentanol (1.11 ± 0.11) ∙ 10-11 –
methyl propionate (9.29 ± 1.13) ∙ 10-13 (1.51 ± 0.22) ∙ 10-11
dimethyl succinate (1.95 ± 0.27) ∙ 10-12 (6.79 ± 0.93) ∙ 10-12
dimethyl glutarate (2.18 ± 0.30) ∙ 10-12 (1.90 ± 0.33) ∙ 10-11
dimethyl adipate (3.73 ± 0.59) ∙ 10-12 (6.08 ± 0.86) ∙ 10-11
propionic formic
h d id
– (2.89 ± 0.35) ∙ 10-12
propionic acid – (4.72 ± 0.62) ∙ 10-12
methyl pyruvate – (4.99 ± 0.96) ∙ 10-13
Product investigations were performed on the gas-phase oxidation of the two alcohols,
1-butanol and 1-pentanol, in the large-volume outdoor photoreactor EUPHORE in
Valencia, Spain, with analyses by in situ Fourier transform infrared (FTIR) absorption
spectroscopy, gas chromatography with photo-ionisation detection (GC-PID) and with
high performance liquid chromatography (HPLC). The OH initiated oxidation of 1-
butanol in 1 bar of synthetic air in the presence of nitrogen monoxide led to the
formation of butanal, propanal, ethanal, formaldehyde and 4-hydroxy-2-butanone with
molar yields of 0.518 ± 0.071, 0.234 ± 0.035, 0.127 ± 0.022, 0.434 ± 0.024 and 0.050 ±
0.010, respectively. The OH initiated oxidation of 1-pentanol in 1 bar of synthetic air in
the presence of nitrogen monoxide led to the formation of pentanal, butanal,
propanal,ethanal and formaldehyde with molar yields of 0.405 ± 0.082,
0.161 ± 0.037, 0.081 ± 0.019, 0.181 ± 0.042 and 0.251 ± 0.013, respectively. Further, the
results support the possible formation of 5-hydroxy-2-pentanone, and residual IR
absorptions indicated the possible presence of compounds such as 3-hydroxy-propanal as
product of the reaction system.
Cl atom initiated product studies were performed, in the presence of NOx, on methyl
propionate and dimethyl succinate in a laboratory reaction vessel in Wuppertal, using
FTIR analyses; this approach was necessary to conveniently emulate the OH radical
chemistry since these compounds react very slowly with OH radicals. The products
formed in the Cl atom initiated oxidation of methyl propionate and their molar yields
were: propionic formic anhydride 0.099 ± 0.019; propionic acid 0.139 ± 0.027; carbon
monoxide 0.132 ± 0.026; methyl pyruvate 0.289 ± 0.057; ethanal 0.077 ± 0.015; methoxy
formyl peroxy nitrate 0.083 ± 0.016; methyl glyoxylate 0.111 ± 0.022. The products
formed in the Cl atom initiated oxidation of dimethyl succinate and their molar yields
were: succinic formic anhydride 0.341 ± 0.068; mono-methyl succinate 0.447 ± 0.111;
carbon monoxide 0.307 ± 0.061; dimethyl oxaloacetate 0.176 ± 0.044; and methoxy
formyl peroxy nitrate 0.032-0.084.
The product studies allowed the construction of detailed photooxidation mechanisms for
the selected oxygenated compounds required for atmospheric modelling.
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 2[\JHQDWHGYRODWLOHRUJDQLFFRPSRXQGV
7URSRVSKHULFDLUSROOXWLRQKDVDORQJDQGVWRULHGKLVWRU\)URPDWOHDVWWKHWKFHQWXU\XSWR
WKHPLGWKFHQWXU\GRFXPHQWHGDLUSROOXWLRQSUREOHPVZHUHSULPDULO\DVVRFLDWHGZLWKKLJK
FRQFHQWUDWLRQV RI VXOSKXU GLR[LGH DQG VRRW SDUWLFOHV 7KHVH SUREOHPV DUH RIWHQ GXEEHG
·/RQGRQVPRJµEHFDXVHRIDVHYHUHHSLVRGHLQWKDWFLW\LQ+RZHYHUZLWKWKHGLVFRYHU\
RI SKRWRFKHPLFDO DLU SROOXWLRQ LQ WKH /RV $QJHOHV DUHD LQ WKH PLGV LQFUHDVLQJ
FRQFHQWUDWLRQV RI R]RQH DQG RWKHU SKRWRFKHPLFDO R[LGDQWV DQG WKHLU DVVRFLDWHG LPSDFWV RQ
KXPDQ KHDOWK SODQW JURZWK DQGPDWHULDOV KDYH EHFRPH DPDMRU LVVXH ZRUOGZLGH >  @
2]RQHH[SRVXUHVFDQLQGXFHDOWHUDWLRQVLQWKHPHFKDQLFDOIXQFWLRQRIWKHOXQJVDQGVWUXFWXUDO
LQMXULHVRIEURQFKLDO WLVVXHUHVXOWLQJ LQDFXWHDQGFKURQLFUHVSLUDWRU\GLVHDVHV >@2]RQHFDQ
DOVR HQWHU SODQW OHDYHV DQG UHDFW ZLWK LPSRUWDQW FKHPLFDO PRLHWLHV RI WKH YHJHWDEOH FHOOV
LQKLELWLQJSKRWRV\QWKHWLF DFWLYLW\DQGDOORFDWLRQ DQG WUDQVORFDWLRQRI VXFURVH IURPVKRRWV WR
WKHURRWV%HFDXVHRI WKHVHELRFKHPLFDODQGSK\VLRORJLFDOHIIHFWV LW FDQ UHGXFHELRPDVVDQG
WKH\LHOGRIYHJHWDWLRQDQGFDXVHYLVLEOHLQMXUHV>@
7KHWHUP·SKRWRFKHPLFDOµDLUSROOXWLRQUHIOHFWVWKHHVVHQWLDOUROHRIVRODUUDGLDWLRQLQGULYLQJ
DWPRVSKHULF FKHPLVWU\ DW WKH (DUWK•V VXUIDFH UDGLDWLRQ RI  QP DQG JUHDWHU LQGXFHV D
FRPSOH[FKHPLVWU\LQYROYLQJYRODWLOHRUJDQLFFRPSRXQGV92&DQGQLWULFR[LGH12
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 12
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
ZKLFKOHDGVWRWKHIRUPDWLRQRIR]RQHDQGDYDULHW\RIDGGLWLRQDOR[LGLVLQJVSHFLHVIRU
H[DPSOHSHUR[\DFHW\OQLWUDWHUHIHUUHGWRDVSKRWRFKHPLFDOR[LGDQWV>@:LWKUHVSHFWWRWKH
(XURSHDQVFDOHURDGWUDQVSRUWDQGVROYHQWXVHDUHE\IDUWKHPRVWLPSRUWDQWVRXUFHFDWHJRULHV
RIDQWKURSRJHQLFQRQPHWKDQH92&1092&HPLVVLRQV>@)RVVLOIXHOFRPEXVWLRQPDLQO\
URDG WUDQVSRUWDQGELRPDVVEXUQLQJ UHSUHVHQW WKHPDMRUHPLVVLRQ VRXUFHVRIDQWKURSRJHQLF
12
[
>@,WLVREYLRXVWKDWWKHRYHUDOOHPLVVLRQVRIWKHVHVXEVWDQFHVDUHQRWGLVWULEXWHGHYHQO\
RYHU (XURSH DQG VKRZ GLIIHUHQW WUHQGV ,Q *HUPDQ\ IRU H[DPSOH ZKLOH WKH 1092&
HPLVVLRQV IURP URDG WUDIILF KDYHEHHQ FRQVLGHUDEO\ UHGXFHG RYHU WKH ODVW WHQ \HDUV WKURXJK
OHJDOUHJXODWLRQVRQH[KDXVWJDVFRPSRVLWLRQDQGWKHVXEVWLWXWLRQRIWZRVWURNHYHKLFOHVZLWK
PRUHPRGHUQPRGHOV HTXLSSHG ZLWK WKUHHZD\ FDWDO\VWV RQO\ D OLPLWHG UHGXFWLRQ KDV EHHQ
DFKLHYHG LQ WKH1092& HPLVVLRQV IURP VROYHQW XVH >@ ,Q JHQHUDO WKH JURZWK LQ VROYHQW
GHPDQG KDV VWDELOLVHG DQG LW LV XQOLNHO\ WKDW VROYHQW XVH ZLOO GHFOLQH DSSUHFLDEO\ GXH WR
LQGXVWULDOJURZWKLQ(XURSH7KXVVROYHQWXVHUHPDLQVRQHRIWKHPRVWLPSRUWDQWVRXUFHVRI
1092& HPLVVLRQV 6ROYHQWV DQG VROYHQWFRQWDLQLQJ SURGXFWV ILQG D EURDG UDQJH RI
DSSOLFDWLRQV LQ LQGXVWU\ DV ZHOO DV LQ EXVLQHVV DQG SULYDWH KRXVHKROGV >@ 3DLQWV SDLQW
VWULSSHUV SULQWLQJ LQNV DGKHVLYHV DQG FRDWLQJ DJHQWV FRQWDLQ VROYHQWV LQ GLIIHUHQW PL[WXUHV
ZLWK WKH VROYHQW FRPSULVLQJ LQ VRPH FDVHV D UHODWLYHO\ KLJK SHUFHQWDJH RI WKH FRQWHQW
)XUWKHUPRUH VROYHQWV DUH XWLOLVHG IRU GHJUHDVLQJ PHWDOV GU\ FOHDQLQJ WH[WLOHV DV ZHOO DV
H[WUDFWLQJ DJHQWV PHGLD LQ FKHPLFDO UHDFWLRQV DQG UDZ PDWHULDOV IRU SKDUPDFHXWLFDO
SUHSDUDWLRQV %HLQJ YRODWLOH VXEVWDQFHV VROYHQWV PD\ EH UHOHDVHG GXULQJ WKHLU YDULRXV
DSSOLFDWLRQV LQWR WKH DWPRVSKHUH DQG WKHUHE\ FUHDWH D VLJQLILFDQW LPSDFW RQ SKRWRFKHPLFDO
R]RQHIRUPDWLRQ
7KH·WUDGLWLRQDOµFODVVHVRIVROYHQWVDUHFKORULQDWHGK\GURFDUERQVDURPDWLFK\GURFDUERQVDQG
XQVXEVWLWXWHGK\GURFDUERQV$OWKRXJK FKORURIOXRURFDUERQV&)&V DUH FRQVLGHUHG WR KDYH D
ORZ SKRWRFKHPLFDO UHDFWLYLW\ VRPH DUH UHVSRQVLEOH IRU WKH GHSOHWLRQ RI R]RQH LQ WKH
VWUDWRVSKHUHLHWULFKORURHWKDQHDQGWKHFKORURIOXRURFDUERQ&)&>@ZKLOH
RWKHUVVXFKDVWHWUDDQGWULFKORURHWK\OHQHDQGWHWUDDQGWULFKORURPHWKDQHDUHFRQVLGHUHG WR
EH SRWHQWLDO FDUFLQRJHQLF VSHFLHV >@ $URPDWLF K\GURFDUERQV DSSHDU WR KDYH KLJK R]RQH
IRUPDWLRQSRWHQWLDOV>@DQGDOVROHDGWRWKHJHQHUDWLRQRIULQJRSHQLQJSURGXFWVZKLFKVKRZ
KLJK PXWDJHQLW\ DQG FDUFLQRJHQLW\ >@ )LQDOO\ XQVXEVWLWXWHG K\GURFDUERQV EHVLGHV WKHLU
UHODWLYHO\ORZWR[LFLW\KDYHDVLJQLILFDQWR]RQHIRUPLQJSRWHQWLDO>@
,QWHUQDWLRQDODQG(XURSHDQPHDVXUHVKDYHWKHUHIRUHEHHQDGRSWHGWRUHJXODWHDQGUHGXFHLQ
VWDJHVVROYHQWHPLVVLRQVE\UHVWULFWLQJWKHXVHRIRUE\SKDVLQJRXWWKHSURGXFWLRQDV LQWKH
FDVH RI &)& VROYHQWV >@ 6ROYHQWFRQWDLQLQJ FRDWLQJ V\VWHPV DUH WR EH UHSODFHG ZKHUH
WHFKQLFDOO\ SRVVLEOH E\ HQYLURQPHQWDOIULHQGO\ DOWHUQDWLYHV VXFK DV ZDWHUERUQH SDLQWV
LQWURGXFWLRQRIEHVWSUDFWLFHDQGSROOXWDQWDEDWHPHQWWHFKQRORJ\LQPDQXIDFWXULQJSURFHVVHV
LVDOVRH[SHFWHGWRSRVLWLYHO\FRQWULEXWHWRDGHFUHDVHLQ92&HPLVVLRQV)XUWKHUPRUH LWKDV
EHHQ LQWHUQDWLRQDOO\ UHFRJQLVHG WKDWD VZLWFK IURPFKORURFDUERQ DURPDWLF DQGXQVXEVWLWXWHG
K\GURFDUERQ EDVHG VROYHQWV WR R[\JHQFRQWDLQLQJ FRPSRXQGV 292& R[\JHQDWHG YRODWLOH
RUJDQLF FRPSRXQGV LV EHQHILFLDO EHFDXVH WKH ODWWHU JHQHUDOO\ FRPELQH ORZHU WR[LFLW\ DQG
UHGXFHGR]RQH IRUPDWLRQSRWHQWLDOVZLWKEHWWHUGLVVROXWLRQSURSHUWLHV7DEOH VXPPDULVHV
WKHGHYHORSPHQWLQVROYHQWVFRQVXPSWLRQGXULQJWKHODVW\HDUVLQ:HVWHUQ(XURSH>@
,QWURGXFWLRQ

7DEOH  'HYHORSPHQW RI FRQVXPSWLRQ RI VROYHQWV LQ :HVWHUQ (XURSH DV SHUFHQWDJH RI WRWDO >@
&DWHJRU\     
2[\JHQFRQWDLQLQJVROYHQWV     
$OLSKDWLFV     
$URPDWLFV     
&KORULQDWHGK\GURFDUERQV     
7RWDOFRQVXPSWLRQW     
$OOWKHODUJHVWSURGXFHUVRIVROYHQWVERWKLQWKH86DQGZRUOGZLGH6KHOO&KHPLFDOV’X3RQW
8QLRQ &DUELGH DQG ’RZ DUH LQYHVWLJDWLQJ WKH SRVVLELOLW\ WR ZLGHQ WKH FXUUHQW DSSOLFDWLRQ
ILHOGVRIR[\JHQDWHGFRPSRXQGVLQDQDWWHPSWWRUHSODFHWUDGLWLRQDOVROYHQWVDQGDUHWHVWLQJLQ
WHUPVRIFKHPLFDODQGSK\VLFDOSURSHUWLHVWKHSRVVLEOHLQWURGXFWLRQRIQHZVROYHQWW\SHVVXFK
DV EL RU SRO\IXQFWLRQDO R[\JHQFRQWDLQLQJ FRPSRXQGV 7KXV LW VHHPV WKDW UHSODFHPHQW RI
PDQ\ H[LVWLQJ VROYHQWV ZLOO RFFXU LQ WKH QHDU IXWXUH DQG WKDW HVWHUV DOFRKROV NHWRQHV DQG
HWKHUVZLOOFRQVWLWXWHVLJQLILFDQWSURSRUWLRQRIWKHVHIXWXUHVROYHQWV
$ VLPLODU WHQGHQF\ LV WR EH IRXQG LQ WKH DXWRPRWLYH DQG SHWUROHXP LQGXVWU\ZKHUH D ODUJH
UHVHDUFKHIIRUWKDVWDNHQSODFHRYHUWKHSDVWGHFDGHWRGHYHORSQHZR[\JHQDWHGORZUHDFWLYLW\
JDVROLQH IRUPXODWLRQV IRU VSDUN LJQLWHG HQJLQHV LQ DXWRPRELOHV DQG OLJKW GXW\ WUXFNV+LJKO\
EUDQFKHG HWKHUV LHPHWK\O WHUWEXW\O HWKHU HWK\O WHUWEXW\O HWKHU DQG WHUWDP\OPHWK\O HWKHU
DQGDOFRKROVDUHXVHG LQ ODUJHYROXPHVDVDGGLWLYHV LQJDVROLQHIXHOVVLQFH WKH\ LPSURYH WKH
RFWDQH UDWLR RI WKH IRUPXODWLRQ UHGXFH WKH DURPDWLF FRPSRXQG FRQWHQW DQG ORZHU WDLOSLSH
HPLVVLRQVRI&2DQGWKHIXHO•V5HLGYDSRXUSUHVVXUH,QWKH8QLWHG6WDWHVWKLVFKDQJHLQIXHO
FRPSRVLWLRQKDVEHHQSXVKHGE\WKH&OHDQ$LU$FW$PHQGPHQWVLQFHUWDLQDUHDVRIWKH
VWDWH:KLOHOLPLWHGTXDQWLWLHVKDYHEHHQXVHGLQJDVROLQHLQ&DOLIRUQLDVLQFHWKHVPHWK\O
WHUWEXW\O HWKHU 07%( EHFDPH WKH R[\JHQDWHG RI FKRLFH IRU UHILQHUV LQ  GXH WR LWV
IDYRXUDEOHSURSHUWLHVRIEOHQGLQJDQG ORZFRVW3RWHQWLDODQGGRFXPHQWHGFRQWDPLQDWLRQRI
JURXQGZDWHUDQGVXUIDFHZDWHUVRXUFHVE\07%(>@DQGKHDOWKHIIHFWVIURPLQKDOLQJJDV
IXPHV>@KDYHEHFRPHDFDXVHRIPDMRUFRQFHUQDQGLQFUHDVLQJFRQWURYHUV\07%(HPHUJHV
DVDFRPSRXQGRIFRQVLGHUDEOHLQWHUHVWEHFDXVHRILWVSUHVHQFHDWUHODWLYHO\KLJKFRQFHQWUDWLRQV
LQVRPHXUEDQDLU ORZ+HQU\•V ODZFRQVWDQW 0DWP DW& ORZSDUWLWLRQLQJ WRVRLO
RUJDQLFPDWWHUDQGUHVLVWDQFHWRGHJUDGDWLRQLQWKHVXEVXUIDFH>@)LQDOO\86(QYLURQPHQWDO
3URWHFWLRQ$JHQF\KDVFODVVLILHG07%(DVDSRWHQWLDOKXPDQFDUFLQRJHQ >@7KHVH IDFWRUV
KDYHFDXVHGZLGHVSUHDGSXEOLFKHDOWKFRQFHUQDQGWKHUHIRUH&DOLIRUQLDOHJLVODWXUHUHTXLUHGWKH
XVHRI07%(WREHEDQQHGEH\RQG>@
2[\JHQDWHGRUJDQLFFRPSRXQGVLQFOXGLQJHWKHUVDOFRKROVDQGHVWHUVDUHDOVRFXUUHQWO\EHLQJ
LQYHVWLJDWHG DV DWWUDFWLYH DOWHUQDWLYH GLHVHO IXHOV DQG IXHO FRPSRQHQWV VLQFH WKH\ FRPELQH
DFFHSWDEOHIXHOSURSHUWLHVLHKLJKFHWDQHQXPEHUDQGORZVHOILJQLWLRQWHPSHUDWXUHZLWKORZ
H[KDXVW HPLVVLRQV SDUWLFXODWH DQG12
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 DQG UHGXFHG FRPEXVWLRQ QRLVH )LQDOO\ WKH DOUHDG\
ZLGHXVHRIR[\JHQDWHGRUJDQLFFRPSRXQGVDVVROYHQWVDVZHOODVIXHOVDGGLWLYHVZLOOSUREDEO\
LQFUHDVH LQ WKH IXWXUHPDNLQJ WKHLU UHOHDVH LQWR WKH DWPRVSKHUH DQ LPSRUWDQW HQYLURQPHQWDO
FRQVLGHUDWLRQ
,Q RUGHU WR DYRLG SDVW PLVWDNHV DQG WR REWDLQ WKH PD[LPXP EHQHILW IURP D VZLWFK WR
R[\JHQDWHG FRPSRXQGV UHOLDEOH LQIRUPDWLRQ RQ WKH FKHPLFDO DQG SK\VLFDO SURSHUWLHV RI
LQGLYLGXDOFRPSRXQGVDQGWKHLUWHFKQLFDOSHUIRUPDQFHVVKRXOGQRWEHWKHRQO\FULWHULDIRUWKH
VHOHFWLRQRIWKHDOWHUQDWLYHVROYHQWVDQGRUDGGLWLYHVWKHDELOLW\WRDIIHFWKXPDQKHDOWKDQGWKH
EHKDYLRXULQWKHHQYLURQPHQWRIWKHSRVVLEOHFDQGLGDWHVUHSUHVHQWHTXDOO\FUXFLDODVSHFWVWREH
LQYHVWLJDWHGEHIRUHWKHZLGHUXVHRIWKHVHFRPSRXQGV
 6WDWHRIWKHDUW
9RODWLOHRUJDQLFFRPSRXQGVSUHVHQW LQWKHDWPRVSKHUHFDQXQGHUJRSKRWRO\VLVDQGFKHPLFDO
UHDFWLRQVZLWKK\GUR[\OUDGLFDOVQLWUDWHUDGLFDOVDQGR]RQHZLWKWKH2+UDGLFDOUHDFWLRQEHLQJ
DQLPSRUWDQWDQGRIWHQGRPLQDQWDWPRVSKHULFORVVSURFHVV>@.LQHWLFGDWDDQGPHFKDQLVWLF
LQIRUPDWLRQRQWKHDWPRVSKHULFGHJUDGDWLRQRILQGLYLGXDOFRPSRXQGVDUHWKHUHIRUHHVVHQWLDO
FRPSRQHQWVLQDQ\DWWHPSWVWRUHOLDEO\DVVHVVWKHSRVVLEOHFRQWULEXWLRQRIWKHVHVXEVWDQFHVWR
SKRWRFKHPLFDO DLU SROOXWLRQ LQ XUEDQ DQG UHJLRQDO DUHDV ’HVSLWH WKHLU LPSRUWDQFH WKH
DWPRVSKHULFOLIHWLPHDQGIDWHRIDOFRKROVDQGHVWHUVKDYHUHFHLYHGUHODWLYHO\OLWWOHDWWHQWLRQ
’XULQJWKHODVW\HDUVNLQHWLFGDWDKDYHEHHQGHWHUPLQHGIRUWKHUHDFWLRQRI2+UDGLFDOVZLWK
ERWKDOFRKROVDQGHVWHUV>@VLQFHVXFKUHDFWLRQVFRQVWLWXWHLPSRUWDQWVWHSV
LQ WKH R[LGDWLRQ RI WKHVH FRPSRXQGV LQ WKH DWPRVSKHUH DQG LQ FRPEXVWLRQ V\VWHPV 7KHVH
NLQHWLF VWXGLHV KDYH SURYLGHG HVWLPDWHV RI WKH WURSRVSKHULF OLIHWLPHV RI DOFRKROV DQG HVWHUV
7KHWURSRVSKHULFOLIHWLPHRIDFKHPLFDOGHWHUPLQHVWKHUHODWLYHLPSRUWDQFHRILWVWUDQVSRUWDQG
WKHUHE\WKHJHRJUDSKLFDOVFDOHRILWVSRWHQWLDODWPRVSKHULFLPSDFWVLHORFDOUHJLRQDORUJOREDO
7KHUHVXOWVRIWKHPDQ\NLQHWLFVWXGLHV>@KDYHH[WHQGHGWKHGDWDEDVHIRU
WKH UHDFWLRQVRI2+ UDGLFDOVZLWK DOFRKROV DQG HVWHUV DOORZLQJ UHILQHPHQWV LQ WKH VWUXFWXUH
UHDFWLYLW\UHODWLRQVKLSVGHYHORSHGE\$WNLQVRQDQG.ZRN>@ WRSUHGLFW UDWHFRHIILFLHQWV
,QWURGXFWLRQ

IRU WKH JDVSKDVH UHDFWLRQV RI 2+ UDGLFDOV ZLWK RUJDQLF FRPSRXQGV :KLOH DQ DFFXUDWH
DVVHVVPHQW RI UHDFWLRQ NLQHWLFV LV HVVHQWLDO D FRPSOHWH XQGHUVWDQGLQJ RI WURSRVSKHULF
SURFHVVHVDOVRUHTXLUHVGHWDLOHGSURGXFWDQDO\VHVRIWKHFRPSOH[FKHPLFDOV\VWHPV
7KHDWPRVSKHULFFKHPLVWU\RISULPDU\DOFRKROVDQGPHWK\OHVWHUVLVWRGDWHUHODWLYHO\SRRUO\
XQGHUVWRRG 7KHPDMRU XQFHUWDLQWLHV LQ WKH SKRWRGHJUDGDWLRQPHFKDQLVPV RI DOFRKROV DQG
HVWHUVZKLFKDIIHFWWKHILQDOSURGXFWGLVWULEXWLRQVLQFOXGHLWKHHIIHFWRIWKHIXQFWLRQDOJURXSV
†2+DQG†&22†LQLQFUHDVLQJRUOHVVHQLQJWKHUHDFWLYLW\RIWKHYDULRXVVLWHVRIWKHPROHFXOH
WRZDUGV2+ UDGLFDOV LL WKH UHODWLYH LPSRUWDQFH RI WKH FRPSHWLQJ UHDFWLRQ SDWKZD\V RI WKH
DONR[\ UDGLFDO LQWHUPHGLDWHV LH UHDFWLRQ ZLWK R[\JHQ WKHUPDO GHFRPSRVLWLRQ DQG
LVRPHULVDWLRQ,QWKHFDVHRIHVWHUV2+UDGLFDOUHDFWLRQVDUHUHODWLYHO\VORZPDNLQJVWXGLHVRI
WKHLUGHJUDGDWLRQSURGXFWVGLIILFXOWWKXVUHDFWLRQVZLWKFKORULQHDWRPVDUHRIWHQHPSOR\HGDV
D VXUURJDWH WRPLPLF WKH2+ UDGLFDO LQGXFHGR[LGDWLRQ RI VXFK R[\JHQDWHG FRPSRXQGV ,Q
JHQHUDO&ODWRPVDQG2+UDGLFDOVKDYHVLPLODUPRGHVRIDWWDFNLQWKHLUUHDFWLRQZLWKRUJDQLF
FRPSRXQGV DWWDFN E\ &O EHLQJ PRUH UDSLG EXW VOLJKWO\ OHVV VHOHFWLYH WKDQ WKDW E\ 2+
1HYHUWKHOHVVWKHVXEVHTXHQWFKHPLVWU\LVWKHVDPH7KLVLPSOLHVWKDWWKHIDWHRIWKHGLIIHUHQW
DONR[\UDGLFDOVIRUPHGLQWKH2+UDGLFDOLQLWLDWHGDWPRVSKHULFGHJUDGDWLRQRIHVWHUVFDQDOVR
EH DFFXUDWHO\ GHWHUPLQHG LQ VWXGLHV RI &O UHDFWLRQV ZLWK HVWHUV EXW WKH ILQDO SURGXFW
GLVWULEXWLRQZLOOEHVRPHZKDWGLIIHUHQW
)URP WKH SURGXFW VWXGLHV FXUUHQWO\ DYDLODEOH LQ WKH OLWHUDWXUH >    @ RQ WKH
DWPRVSKHULFR[LGDWLRQRIDOFRKROVLWLVNQRZQWKDWWKH2+UDGLFDOUHDFWLRQSURFHHGVPDLQO\E\
+DWRPDEVWUDFWLRQIURPWKH&†+ERQGRIWKH†&+

2+JURXSZLWKWKHUHVXOWLQJ¡K\GUR[\
DON\OUDGLFDOUHDFWLQJZLWK2

WRIRUPWKHFRUUHVSRQGLQJFDUERQ\O
5&+

2+2+ 5&  +2++

2 U
5&  +2+2

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7KHUHODWLYHLPSRUWDQFHRIWKH2+DWWDFNDWWKHRWKHUVLWHVRIWKHPROHFXOHDQGWKHIDWHRIWKH
DONR[\UDGLFDOLQWHUPHGLDWHVGHSHQGRQWKHFKDLQOHQJWKRIWKHDOFRKRODQGRQWKHSRVLWLRQRI
WKHYDULRXV†&+†JURXSVUHVSHFWWRWKH†2+IXQFWLRQDOJURXS
,WLVSUHVHQWO\GLIILFXOWWRH[WUDSRODWHIURPWKHIHZSXEOLVKHGSURGXFWVWXGLHVRQHVWHUV>
  @ FKDUDFWHULVWLFPHFKDQLVWLF EHKDYLRXU SDWWHUQV IRU WKHVH FRPSRXQGV+RZHYHU LW
DSSHDUV WKDW DONR[\ UDGLFDOV RI VWUXFWXUH &+

&22&+25 XQGHUJR DQ ·¡ HVWHUµ
UHDUUDQJHPHQWUHDFWLRQLQYROYLQJPLJUDWLRQRIWKH+DWRPRQWKHDONR[\FDUERQWRWKHR[\JHQ
DWRPLQWKH& 2JURXSWKURXJKDILYHPHPEHUHGWUDQVLWLRQVWDWHUHVXOWLQJLQWKHIRUPDWLRQRI
DQDFLGDQG WKHDF\O UDGLFDO527KLV UHDUUDQJHPHQW LV XQLTXH WR HVWHUV DQG UHSUHVHQWV DQ
DGGLWLRQDO SRVVLEOH FRPSHWLQJ UHDFWLRQ SDWKZD\ ZKLFK PXVW EH LQFRUSRUDWHG LQWR FKHPLFDO
PHFKDQLVPVIRUWKHWURSRVSKHULFGHJUDGDWLRQRIWKHVHFRPSRXQGV
 &RPSRXQGVLQYHVWLJDWHG
,Q WKLVZRUN WKHDWPRVSKHULFR[LGDWLRQRI WZRVHOHFWHGDOFRKROV DQG WZRVHOHFWHGHVWHUVKDV
EHHQ LQYHVWLJDWHG 7DEOH  7KH DOFRKROV EXWDQRO DQG SHQWDQRO ILQG D YDULHW\ RI
DSSOLFDWLRQV ZLWKLQ WKH FKHPLFDO LQGXVWU\ D SRWHQWLDO LQFUHDVH RI WKHLU XVH DV VROYHQWV LV
FXUUHQWO\XQGHUGLVFXVVLRQ%XWDQRO LVXVHGSULQFLSDOO\ LQ WKHILHOGRIVXUIDFHFRDWLQJHLWKHU
GLUHFWO\DVDVROYHQWRUFRQYHUWHG LQWRGHULYDWLYHVZKLFKWKHQVHUYHDVVROYHQWVRUPRQRPHU
FRPSRQHQWV,WLVDQH[FHOOHQWWKLQQHUDQGXVHIXOIRUUHJXODWLQJWKHYLVFRVLW\DQGLPSURYLQJWKH
IORZSURSHUWLHVRIYDUQLVKHV%XWDQROKDVDOVRQXPHURXVDSSOLFDWLRQV LQSODVWLFVDQGWH[WLOH
VHFWRUV DQG LQ WKHPDQXIDFWXUH RI EXW\ODPLQHV 3HQWDQRO D KLJK YROXPH FKHPLFDO ZLWK D
SURGXFWLRQH[FHHGLQJPLOOLRQSRXQGVDQQXDOO\LQWKH86LVSDUWLFXODUO\XVHIXODVDVROYHQW
LQ WKH UHDFWLRQ RI VXEVWLWXWHG GLDPLQHV ZLWK GLLVRF\DQDWHV DQG IRU WKH SURGXFWLRQ RI
VXOSKXULVHGROHILQVDQGSRO\DFU\ODWHV3HQWDQROLVDOVRHPSOR\HGDVDQH[WUDFWLQJDJHQWLQWKH
SXULILFDWLRQRISKRVSKRULFDFLGDQGWKHVHSDUDWLRQRIVWURQWLXPFKORULGHIURPDTXHRXVPHWDO
FKORULGHVROXWLRQVDQGDVDVWDUWLQJPDWHULDOIRUWKHSURGXFWLRQRIOXEULFDQWDGGLWLYHVDQGIRU
DX[LOLDULHV LQ IORWDWLRQ )XUWKHUPRUH SHQWDQRO ILQGV DQ LPSRUWDQW DSSOLFDWLRQ LQ WKH
SKDUPDFHXWLFDO LQGXVWU\DV D VWDUWLQJPDWHULDO IRU VHYHUDO V\QWKHVHV DQG LQ WKHSURGXFWLRQRI
VHYHUDOHVWHUVWKDWDUHDSSOLHGLQGLIIHUHQWILHOGV
6LPLODUO\ SURPSWHG E\ WKH QHHG IRU PRUH HQYLURQPHQWDOO\ FRPSDWLEOH VROYHQWV WKHUH LV
FRPPHUFLDO LQWHUHVW LQ WKH XVH RI HVWHUV VXFK DV PHWK\O SURSLRQDWH DQG GLEDVLF HVWHUV DV
UHSODFHPHQWV IRU WUDGLWLRQDO VROYHQWV %HFDXVH RI WKHLU KLJKO\ OLSRSKLOLF DQG K\GURSKRELF
QDWXUHHVWHUVDUHZLGHO\XVHGDVVROYHQWVH[WUDFWDQWVDQGGLOXHQWV2QDFFRXQWRIWKHLUSOHDVDQW
DQG XVXDOO\ IUXLW\ RGRXU WKH\ ILQG LPSRUWDQW DSSOLFDWLRQ LQ WKH PDQXIDFWXUH RI IUDJUDQFHV
IRRGVFRVPHWLFVDQGVRDSV >1RWH WKDWHVWHUVDUHDOVRIRUPHGDV LQWHUPHGLDWH VSHFLHVGXULQJ
WKHWURSRVSKHULFGHJUDGDWLRQUHDFWLRQVRI92&VVXFKDVHWKHUV>@@
3DUWLFXODUDWWHQWLRQPHULWGLEDVLFHVWHUV ’%(VXFKDVGLPHWK\OVXFFLQDWHGLPHWK\OJOXWDUDWH
DQGGLPHWK\O DGLSDWH’%(VDUH LPSRUWDQWKLJKERLOLQJR[\JHQDWHG VROYHQWV LQ WKH FRDWLQJV
LQGXVWU\WKHLUKLJKVROYHQWSRZHUH[FHOOHQWIORZSURSHUWLHVORZFRVWDQGWR[LFLW\KDYHJLYHQ
SDLQWDQGFRDWLQJVFRPSDQLHV WKH LQFHQWLYH WRXVH WKHP LQ WKHLU IRUPXODWLRQV’%(VFDQEH
,QWURGXFWLRQ

XVHGWRUHSODFHPHWK\OHQHFKORULGHLQFRQVXPHUDQGLQGXVWULDOSDLQWVUHPRYHUVDQGWKHLUKLJK
IODVKSRLQWDQGORZYRODWLOLW\PDNH’%(VDQLGHDOUHSODFHPHQWIRUDFHWRQH)XUWKHU WKH\DUH
HPSOR\HGLQDZLGHUDQJHRIRWKHUDSSOLFDWLRQVVXFKDVSODVWLFLVHUVDQGDVEXLOGLQJEORFNVIRUD
YDULHW\RISRO\HVWHUVDQGSRO\PHUV
7DEOH  &KHPLFDO SK\VLFDO SURSHUWLHV RI WKH LQYHVWLJDWHG FRPSRXQGV >@
6XEVWDQFH EXWDQRO SHQWDQRO PHWK\OSURSLRQDWH ’%(
VWUXFWXUH 2+ 2+
2
2
2
2
2
2
PROHFXODUZHLJKWJPRO    
PHOWLQJSRLQW&    
ERLOLQJSRLQW&    
IODVKSRLQW&    
GHQVLW\JPO    
,QFRQFOXVLRQ WKHDOFRKROVDQGHVWHUVGHVFULEHGDERYHZKLFKFRPELQH VDWLVIDFWRU\ WHFKQLFDO
SHUIRUPDQFHVLQFKHPLFDO LQGXVWU\DSSOLFDWLRQVZLWKORZFRVWVDQGORZKHDOWKULVNVDSSHDUWR
EHYDOXDEOHFDQGLGDWHVIRUUHSODFLQJWUDGLWLRQDOVROYHQWV7KHSRWHQWLDORIDQLQFUHDVHGXVDJHRI
DOFRKROV DQG HVWHUV LQWURGXFHV D JHQHUDO QHHG WR PDS RXW WKHLU R[LGDWLRQ PHFKDQLVPV DQG
QHFHVVLWDWHVDEHWWHUXQGHUVWDQGLQJRI WKH HQYLURQPHQWDO LPSDFWVRI WKHVH VSHFLHV VLQFH WKH\
ZLOOHYHQWXDOO\EHUHOHDVHGLQWRWKHDWPRVSKHUH
 $LPRIWKHZRUN
7KHSXUSRVHRIWKLVZRUNZDVWRSURYLGHDVFLHQWLILFHYDOXDWLRQRIWKHDWPRVSKHULFIDWHRIWKH
IROORZLQJ R[\JHQDWHG YRODWLOH RUJDQLF FRPSRXQGV EXWDQRO SHQWDQROPHWK\O SURSLRQDWH
DQGGLPHWK\OVXFFLQDWH’%(
7KHSURJUDPPHLQYROYHGPHDVXULQJWKHUDWHFRHIILFLHQWVIRUWKHK\GUR[\OUDGLFDOUHDFWLRQVRI
WKH WZR DOFRKROV DQG VHOHFWHG HVWHUV LQFOXGLQJ EHVLGHV PHWK\O SURSLRQDWH DQG GLPHWK\O
VXFFLQDWHDOVRGLPHWK\OJOXWDUDWH’%(DQGGLPHWK\ODGLSDWH’%(/DERUDWRU\FKDPEHU
LQYHVWLJDWLRQV DW WKH 8QLYHUVLW\ RI :XSSHUWDO DQG RXWGRRU FKDPEHU VWXGLHV DW WKH
(83+25( IDFLOLW\ LQ 9DOHQFLD6SDLQ ZHUH SHUIRUPHG WR LGHQWLI\ WKH R[LGDWLRQ SURGXFWV
IRUPHG IURP WKH UHDFWLRQ RI 2+ UDGLFDOV ZLWK WKHVH 292&V DQG WR GHILQH WKHQ WKHLU
DWPRVSKHULF GHJUDGDWLRQ PHFKDQLVPV ,Q WKH FDVH RI HVWHUV SDUWLFXODUO\ VORZ 2+ UDGLFDO
UHDFWLRQVSUHYHQWHGDFFXUDWHSURGXFWVWXGLHVWKHQFKORULQHDWRPUHDFWLRQVZHUHHPSOR\HGDVD
VXUURJDWH WRPLPLF WKHLU2+ UDGLFDO LQGXFHG DWPRVSKHULF R[LGDWLRQ 7KH NQRZOHGJH RI WKH
R[LGDWLRQ PHFKDQLVPV REWDLQHG IRU WKH VHOHFWHG 292&V ZHUH WKHQ XVHG WR LGHQWLI\
FKDUDFWHULVWLFV LQ WKHLU DWPRVSKHULF FKHPLVWU\ DQG WR IRUPXODWH JHQHUDOLVHG GHJUDGDWLRQ
PHFKDQLVPIRUWKHVHWZRFODVVHVRIFRPSRXQGVDOFRKROVDQGHVWHUV
7KH FKHPLFDO PHFKDQLVPV SURSRVHG LQ WKLV ZRUN VKRXOG EH LQFRUSRUDWHG LQ
FKHPLFDOWUDQVSRUWPRGHOV WR REWDLQ IRU WKHVH292&V HVWLPDWHV RI WKHLU R]RQH IRUPDWLRQ
SRWHQWLDOVDQGWKHLUDELOLW\WRJHQHUDWHRWKHUSKRWRR[LGDQWV7KHLQIRUPDWLRQFRXOGHYHQWXDOO\
VHUYH DV D EDVLV IRU GHFLVLRQ PDNLQJ FRQFHUQLQJ WKH ZLGHVSUHDG LPSOHPHQWDWLRQ RI WKHVH
FRPSRXQGVLQYDULRXVDSSOLFDWLRQV
([SHULPHQWDO

  &KDSWHU
([SHULPHQWDO
 5HDFWLRQFKDPEHUV
 ’HVFULSWLRQRI"UHDFWRU
7KHPDMRULW\RIWKHH[SHULPHQWVSHUIRUPHGLQWKLVZRUNZHUHFDUULHGRXWLQD"UHDFWLRQ
FKDPEHU7KHUHDFWRUFRQVLVWVRIDS\UH[F\OLQGULFDOJODVVYHVVHOZLWKDOHQJWKRIPDQGD
GLDPHWHURIFPFORVHGDWERWKHQGVE\7HIORQFRDWHGDOXPLQLXPHQGIODQJHV,QWHJUDWHGRQ
RQHRIWKHPHWDOIODQJHVDUHSRUWVIRUWKHLQOHWRIWKHUHDFWDQWVLQWRWKHFKDPEHUDQGIRUWKH
FROOHFWLRQ RI VDPSOHV IRU IXUWKHU DQDO\WLFDO DQDO\VLV 2WKHU LQOHW DQG RXWOHW SRUWV DQG
DFFHVVRULHV OLNH D PDJQHWLF FRXSOHG 7HIORQ PL[LQJ IDQ DQG D FDSDFLWDQFH PDQRPHWHU
0HPEUDQRYDF09 6 DUH ORFDWHG RQ WKH RSSRVLWH IODQJH 7KH H[SHULPHQWDO VHWXS LV
VKRZQVFKHPDWLFDOO\LQ)LJXUH
)LJXUH  6FKHPDWLF GLDJUDP RI WKH  " UHDFWLRQ FKDPEHU

7KHUHDFWRULVHTXLSSHGZLWKIOXRUHVFHQWODPSV3KLOLSV7/$:≤«≤QP
«
PD[
   QP DUUDQJHG FRQFHQWULFDOO\ DURXQG WKH RXWVLGH RI WKH FKDPEHU DQGZLWK  ORZ
SUHVVXUHPHUFXU\YDSRXUODPSV3KLOLSV789:PDLQHPLVVLRQDW«
PD[
 QPFRQWDLQHG
LQVLGH D TXDUW] JODVV WXEH P OHQJWK  FP GLDPRXQWHG FHQWUDOO\ LQVLGH WKH FKDPEHU
EHWZHHQ WKH HQG IODQJHV %RWK W\SHV RI ODPSVZHUH XVHG DV SKRWRO\VLV VRXUFHV ,Q RUGHU WR
PDLQWDLQWKHUHDFWRUDWURRPWHPSHUDWXUHGXULQJWKHSKRWRO\VLVRIUHDFWLRQPL[WXUHVWKHODPSV
DUHFRROHGE\IORZLQJDPELHQWDLUWKURXJKWKHODPSKRXVLQJXQLWVRIWKHV\VWHP7KHSXPSLQJ
V\VWHPRIWKHUHDFWRUFRQVLVWHGRID%DO]HUWXUERPROHFXODUSXPSPRGHO:=EDFNHGE\D
/H\EROGGRXEOHVWDJHURWDU\IRUHSXPS’%PRGHOSURYLGLQJDYDFXXPRIFDPEDU
$:KLWHPLUURUV\VWHPEDVHSDWKOHQJWKPPRXQWHGLQVLGHWKHUHDFWRUDQGFRXSOHGE\DQ
H[WHUQDOPLUURUV\VWHPWRD)RXULHU7UDVIRUP6SHFWURPHWHU1LFROHW0DJQDHQDEOHVWKH
LQVLWXPRQLWRULQJRIERWKUHDFWDQWVDQGSURGXFWVE\ORQJSDWKLQIUDUHGDEVRUSWLRQXVLQJDWRWDO
SDWKOHQJWKRIPDQGDUHVROXWLRQRIFP7KHVSHFWURPHWHULVHTXLSSHGZLWKDJOREDUDV
,5 VRXUFH DQGZLWK D0&7GHWHFWRU PHUFXU\FDGPLXPWHOOXULXPGHWHFWRU FRROHG WR .
ZLWK OLTXLG QLWURJHQ 7KH VSHFWURPHWHU DQG WKH H[WHUQDO WUDQVIHU RSWLFV FRYHUHG ZLWK D
SURWHFWLYH ER[ DUH SHUPDQHQWO\ SXUJHG ZLWK GU\ DLU WR UHPRYH ZDWHU YDSRXU 7KH
VSHFWURPHWHULVGLUHFWO\FRQWUROOHGE\WKHVRIWZDUH201,&SURYLGHGE\1LFROHWUXQQLQJRQD
SHUVRQDOFRPSXWHUZKHUHUDZGDWDDUHVWRUHG
 ’HVFULSWLRQRI"UHDFWRU
7KH H[SHULPHQWV WR GHWHUPLQH WKH UDWH FRHIILFLHQWV IRU WKH UHDFWLRQ RI 2+ UDGLFDOV ZLWK
EXWDQRO DQG SHQWDQRO ZHUH FDUULHG RXW LQ D  " UHDFWLRQ FKDPEHU ZKLFK KDV PDQ\
FRQVWUXFWLRQ VLPLODULWLHV ZLWK WKH  " UHDFWRU GHVFULEHG LQ SDUDJUDSK  7KH FKDPEHU
FRQVLVWVRI D F\OLQGULFDO’XUDQ JODVV YHVVHO P OHQJWK  FPGLD FORVHG DW ERWK HQGV E\
7HIORQ FRDWHG DOXPLQLXP HQG IODQJHV 7KH H[SHULPHQWDO VHWXS LV VKRZQ VFKHPDWLFDOO\ LQ
)LJXUH
,QWHJUDWHGRQWKHPHWDOIODQJHVDUHSRUWVIRUWKHLQOHWRIUHDFWDQWVLQWRWKHFKDPEHUDQGIRUWKH
FROOHFWLRQRIVDPSOHVIURPWKHUHDFWLRQPL[WXUHVIRUIXUWKHUDQDO\VLV2WKHUDFFHVVRULHVOLNHD
PL[LQJIDQWRHQVXUHKRPRJHQHLW\RIWKHUHDFWLRQPL[WXUHVDQGDFDSDFLWDQFHPDQRPHWHUDUH
DOVR ORFDWHGRQWKHIODQJHV$UUDQJHGFRQFHQWULFDOO\DURXQGWKHRXWVLGHRI WKHUHDFWRUDUH
VXSHUDFWLQLFIOXRUHVFHQWODPSV3KLOLSV7/$:≤«≤QP«
PD[
 QP7KH
YDFXXP FD PEDU LVPDLQWDLQHGE\PHDQV RI D/H\EROG WXUERPROHFXODU SXPSPRGHO
589$&:= PK EDFNHG E\ D /H\EROG GRXEOH VWDJH URWDU\ IRUH SXPSPRGHO
’%PK
([SHULPHQWDO

7KHFKDPEHULVHTXLSSHGZLWKEXLOGLQ:KLWHPLUURUV\VWHPVZKLFKZHUHXVXDOO\RSHUDWHG
DW D WRWDOSDWK OHQJWKRIPPDQGP IRU WKH DFTXLVLWLRQRI ,59,6 DQG89
VSHFWUDUHVSHFWLYHO\
$QDO\VLVRIUHDFWDQWVDQGSURGXFWVZHUHPDGHGXULQJWKHH[SHULPHQWVSHUIRUPHGLQWKLVZRUN
E\ LQ VLWX)7,5ORQJSDWKVSHFWURVFRS\XVLQJD UHVROXWLRQRIFP7KH)7,5VSHFWURPHWHU
1LFROHW0DJQDDQGWKHWUDQVIHUPLUURUV\VWHPDUHFRYHUHGZLWKDSURWHFWLYHER[DQGDUH
SHUPDQHQWO\ SXUJHG ZLWK GU\ DLU WR UHPRYH ZDWHU YDSRXU 7KH VSHFWURPHWHU LV GLUHFWO\
FRQWUROOHG E\ WKH VRIWZDUH201,& SURYLGHG E\1LFROHW UXQQLQJ RQ D SHUVRQDO FRPSXWHU
ZKHUHUDZGDWDDVZHOODVSURFHVVHGGDWDDUHVWRUHG
)LJXUH  6FKHPDWLF GLDJUDP RI WKH  " UHDFWLRQ FKDPEHU
 ’HVFULSWLRQRIWKH(XURSHDQSKRWRUHDFWRU(83+25(
,QYHVWLJDWLRQVRQWKHGHJUDGDWLRQPHFKDQLVPRIEXWDQRODQGSHQWDQROZHUHSHUIRUPHGLQ
WKH (XURSHDQ 3KRWRUHDFWRU (83+25( ZKLFK LV D SDUW RI WKH &HQWUR GH (VWXGLRV
$PELHQWDOHVGHO0HGLWHUUDQHR&($0LQ9DOHQFLD6SDLQ
7KH IDFLOLW\ FRQVLVWVRI WZR LGHQWLFDO KDOI VSKHULFDO IOXRULQHHWKHQHSURSHQH )(3’X3RQW
IRLOFKDPEHUVPRXQWHGRQDOXPLQLXPIORRUSDQHOVFRYHUHGZLWK)(3IRLO)LJXUH

)LJXUH  7KH (83+25( SKRWRUHDFWRU
7KH)(3IRLOWUDQVPLWVRIWKHOLJKWZLWKZDYHOHQJWKVIURP!WRQPGURSSLQJ
WRWUDQVPLVVLRQDWWKHDWPRVSKHULFWKUHVKROGRIQP(DFKFKDPEHUKDVDYROXPHRI
FD P DQG D GLDPHWHU RI P DQG LV SURWHFWHG E\ D OLJKWWLJKW KRXVLQJZKLFK FDQ EH
RSHQHGH[SRVLQJWKHSKRWRUHDFWRUFRQWHQWVWRVXQOLJKWWKHUHE\LQLWLDWLQJWKHSKRWRR[LGDWLRQ
RI WKH UHDFWLRQPL[WXUHV 7R DYRLG XQZDQWHG KHDWLQJ RI WKH FKDPEHUV WKH IORRU SDQHOV DUH
FRQQHFWHG WR D UHIULJHUDWLQJ V\VWHP FRROLQJ FDSDFLW\ RI  N:P DOORZLQJ UHDOLVWLF
DWPRVSKHULFWHPSHUDWXUHFRQGLWLRQVWREHPDLQWDLQHGHYHQGXULQJORQJWHUPLUUDGLDWLRQV7KH
WHPSHUDWXUHLQWKHFKDPEHUVLVPHDVXUHGZLWKWZRWKHUPRFRXSOHV37RQHPHDVXULQJWKH
IORRU WHPSHUDWXUHDQGRQHPHDVXULQJ WKH WHPSHUDWXUHRI WKHFKDPEHUDLU$QDLUGU\LQJDQG
SXULILFDWLRQV\VWHPVXSSOLHVWKHFKDPEHUZLWKRLOYDSRXUK\GURFDUERQDQG12\IUHHGU\DLU
7KHDLULVGULHGLQDEVRUSWLRQGU\HUV=DQGHU7\SH+($UHDFKLQJDGHZSRLQWRI†&
DQGDUHGXFHGFRQWHQWRI&2ZLWKKHOSRIDVSHFLDOFKDUFRDODGVRUEHU12[LVHOLPLQDWHGDQG
RLOYDSRXUDQGQRQPHWKDQHK\GURFDUERQVDUH UHGXFHG WR≤JP ,QRUGHU WRPL[ WKH
UHDFWDQWV WZR PL[LQJ IDQV ZLWK DQ DLU WKURXJKSXW RI  PK HDFK DUH LQVWDOOHG LQ WKH
FKDPEHU
7KH FKDPEHU XVHG IRU WKH H[SHULPHQWV SHUIRUPHG LQ WKLV ZRUN LV HTXLSSHG ZLWK PDQ\
GLIIHUHQW DQDO\WLFDO DQG LQ VLWX PHDVXUHPHQW WHFKQLTXHV EXW RQO\ WKRVH XVHG GXULQJ WKH
FDPSDLJQ RI0DUFK  SHQWDQRO R[LGDWLRQ DQG0DUFK  EXWDQRO R[LGDWLRQ DUH
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KHUHGHVFULEHGDPRUHGHWDLOHGGHVFULSWLRQRIWKH(XURSHDQ3KRWRUHDFWRU(83+25(FDQEH
IRXQGLQWKHOLWHUDWXUH>@
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1,&2/(70DJQD0&7GHWHFWRUFPUHVROXWLRQFRXSOHGWRD
:KLWH PLUURU V\VWHP EDVH OHQJWK  P WRWDO RSWLFDO SDWK OHQJWK  P ZDV XVHG WR
PRQLWRUUHDFWDQWVDQGSURGXFWV7KHPLUURUVPRXQWHGDWWKHSHULSKHU\RIWKHFKDPEHUKDYHD
GLDPHWHURIPPDQG WR LPSURYH WKHLU UHIOHFWLYLW\ LQ WKH LQIUDUHGUDQJHDUHJROGFRDWHG
7KH UHDFWDQW PL[WXUHV ZHUH DOVR DQDO\VHG E\ JDV FKURPDWRJUDSK\ ZLWK SKRWRLRQLVDWLRQ
GHWHFWLRQ*&3,’*DVVDPSOHVZHUHDXWRPDWLFDOO\FROOHFWHGIURPWKHFKDPEHUHYHU\
PLQ DQG LQWURGXFHG YLDDKHDWHG VDPSOLQJ ORRSRIPO FDSDFLW\RQWR D’%FROXPQ DW
& -	:6FLHQWLILFPPPRXQWHG LQD)LVRQV*& LQVWUXPHQW ,Q DGGLWLRQ
FDUERQ\O FRPSRXQGV ZHUH VDPSOHG IURP WKH FKDPEHU XVLQJ VROLG SKDVH GLQLWURSKHQ\O
K\GUD]RQH ’13+6LOLFD FDUWULGJHV +\GUD]RQHV IRUPHG E\ GHULYDWL]DWLRQ ZHUH VHSDUDWHG
DQGTXDQWLWDWLYHO\PHDVXUHGE\+3/&+HZOHWW3DFNDUG0RGHO89GHWHFWRU
7ZRLQVWUXPHQWVERWKXVLQJDFKHPLOXPLQHVFHQFHGHWHFWLRQPHWKRGZHUHHPSOR\HGIRU12
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PRQLWRU
ZLWKDFDWDO\WLFFRQYHUWHUDQGDPHDVXUHPHQWUDQJHRISSESSP0HDVXUHPHQWRIR]RQH
ZDVPDGHLQWKHUDQJHRISSESSPXVLQJDQR]RQHPRQLWRU0RQLWRU/DEV0/ZLWK
89DEVRUSWLRQGHWHFWLRQ7KHVRODUOLJKWLQWHQVLW\ZDVPHDVXUHGLQWKHFKDPEHUZLWKDVSHFWUDO
UDGLDQWPHWHU VFDQQLQJGRXEOHPRQRFKURPDWRU%HQWKDP70DQGILOWHUEDQG UDGLRPHWHUV
ZHUHXVHGWRPHDVXUHWKHSKRWRO\VLVIUHTXHQFLHVRI-2’DQG-12
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GXULQJWKHGD\VRIWKH
H[SHULPHQWV 7KH12
[
 R]RQH FRQFHQWUDWLRQ WHPSHUDWXUH DQG UDGLDWLRQPHDVXUHPHQWV GDWD
ZHUHFROOHFWHGDQGVDYHGE\DGDWDDFTXLVLWLRQV\VWHP
 3URFHGXUHDQGDQDO\VLVDWWKH:XSSHUWDOODERUDWRU\
 *HQHUDO
7KH FRPSRXQGV XQGHU LQYHVWLJDWLRQ ZHUH LQWURGXFHG LQWR WKH HYDFXDWHG FKDPEHU JDV DQG
OLTXLG VXEVWDQFHV ZHUH LQMHFWHG E\ PHDQV RI V\ULQJHV JDVWLJKW V\ULQJHV DQG PLFUROLWHU
V\ULQJHVHLWKHUGLUHFWO\LQWRWKHUHDFWRURULQDVWUHDPRIJDV LQWKHFDVHRIVXEVWDQFHVZLWK
KLJKERLOLQJSRLQWVWKHLQOHWSRUWWRWKHUHDFWRUZDVDOVRKHDWHG6ROLGFRPSRXQGVZHUHSODFHG
LQDJODVVEXOEDWWDFKHGWRWKHLQMHFWLRQSRUWRIWKHFKDPEHUWKH\ZHUHWKHQKHDWHGDQGIOXVKHG
LQWRWKHUHDFWLRQFKDPEHUZLWKGLOXHQWJDV7KHW\SLFDOLQLWLDOFRQFHQWUDWLRQRIWKHUHDFWDQWVLQ
WKH UHDFWLRQ FKDPEHUV ZHUH  SSP 7KH UHDFWLRQ FKDPEHU ZDV VXEVHTXHQWO\ ILOOHG WR
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±PEDUZLWKV\QWKHWLFDLU >DOO WKHH[SHULPHQWVZHUHSHUIRUPHGZLWKLQWKLVSUHVVXUH
UDQJH@ %HIRUH FRPPHQFLQJ D PHDVXUHPHQW WKH UHDFWLRQ PL[WXUH ZDV NHSW LQ WKH GDUN IRU
DSSUR[LPDWHO\PLQWRDOORZWKRURXJKPL[LQJRIWKHUHDFWDQWVDQGWKHUPDOHTXLOLEULXPWREH
HVWDEOLVKHG 7KH H[SHULPHQWV ZHUH FDUULHG RXW DW ±  . ZKHUH WKH LQGLFDWHG LQWHUYDO
FRYHUVWKHWHPSHUDWXUHVSDQRIDOOH[SHULPHQWVSHUIRUPHGLQWKLVZRUN
)7,5 VSHFWUD ZHUH UHFRUGHG UHJXODUO\ RYHU WKH ZDYHOHQJWK UDQJH  FP ZLWK D
UHVROXWLRQRIFP$IWHUDFTXLULQJDIHZVSHFWUDRIWKHPL[WXUHLQGDUNWKHSKRWRR[LGDWLRQ
ZDV LQLWLDWHG E\ VZLWFKLQJ RQ WKH ODPSV WKH QXPEHU DQG WKH W\SH RI WKH ODPSV HPSOR\HG
GLIIHUHGIRU WKH LQGLYLGXDOH[SHULPHQWVDFFRUGLQJ WR WKH UHTXLUHGFRQGLWLRQV7KH LQWHJUDWLRQ
WLPH RI HDFK VSHFWUXP DQG WKH LQWHUYDO EHWZHHQ WZR VSHFWUD ZHUH FKRVHQ WR JLYH 
PHDVXUHPHQWSRLQWVRYHUWKHGXUDWLRQRIWKHH[SHULPHQW
7KHSKRWRO\VLVRIPHWK\OQLWULWHLQV\QWKHWLFDLUZDVXVHGDVWKHK\GUR[\OUDGLFDOVRXUFHQLWULF
R[LGH12ZDV DGGHG WR WKH UHDFWLRQPL[WXUH WR FRPSHQVDWH LWV ORVV E\ WKH UHDFWLRQ ZLWK
SHUR[\UDGLFDOVIRUPHGLQSKRWRR[LGDWLRQV\VWHPVDQGWRVXSSUHVVWKHIRUPDWLRQRIR]RQHDQG
KHQFHRIQLWUDWHUDGLFDOV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 5HODWLYHUDWHPHWKRG
7KH UDWH FRHIILFLHQWV IRU WKH UHDFWLRQV RI 2+ UDGLFDOV DQG &O DWRPV ZLWK WKH LQYHVWLJDWHG
R[\JHQDWHG FRPSRXQGVZHUH GHWHUPLQHG XVLQJ D UHODWLYH UDWHPHWKRG LQ ZKLFK WKH UHODWLYH
GLVDSSHDUDQFHUDWHVRIWKHVXEVWUDWHDQGRIDUHIHUHQFHFRPSRXQGZKRVHUDWHFRHIILFLHQWZLWK
2+UDGLFDOVRUZLWK&ODWRPVLVUHOLDEO\NQRZQ>@DUHPRQLWRUHGSDUDOOHOLQWKHSUHVHQFH
RI2+UDGLFDOVRU&ODWRPV
2+&OVXEVWUDWH SURGXFWVN
VXEVWUDWH
2+&OUHIHUHQFH SURGXFWVN
UHIHUHQFH
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3URYLGLQJ WKDW WKH VXEVWUDWH DQG WKH UHIHUHQFH DUH UHPRYHG VROHO\ E\ UHDFWLRQZLWK WKH2+
UDGLFDOVRU&ODWRPVWKHQ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UHIHUHQFH DUHWKHFRQFHQWUDWLRQVRIWKHVXEVWUDWHDQGWKHUHIHUHQFH
FRPSRXQG UHVSHFWLYHO\ DW WLPH W

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VXEVWUDWH  DQG [ ]tUHIHUHQFH  DUH WKH FRUUHVSRQGLQJ
FRQFHQWUDWLRQVDWWLPHWN
VXEVWUDWH
DQGN
UHIHUHQFH
DUHWKHUDWHFRHIILFLHQWVIRUWKHUHDFWLRQZLWK2+
UDGLFDOV&O DWRPV RI WKH VXEVWUDWH DQG WKH UHIHUHQFH FRPSRXQG UHVSHFWLYHO\ 7KXV WKH
FRQFHQWUDWLRQV RI WKH VXEVWUDWH DQG WKH UHIHUHQFH DV D IXQFWLRQ RI UHDFWLRQ WLPH SORWWHG DV
JLYHQ E\ (T , FDQ EH XVHG WR GHULYH WKH UDWH FRHIILFLHQW UDWLR N
VXEVWUDWH
N
UHIHUHQFH
 3ORWV RI
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UHIHUHQFHUHIHUHQFH  VKRXOG JLYH VWUDLJKW OLQHV
ZLWK VORSHV N
VXEVWUDWH
N
UHIHUHQFH
 DQG ]HUR LQWHUFHSW ,I WKH YDOXH RI WKH UDWH FRHIILFLHQW RI WKH
UHIHUHQFHN
UHIHUHQFH
 LVNQRZQWKHQN
VXEVWUDWH
FDQEHREWDLQHG8QGHUWKHH[SHULPHQWDOFRQGLWLRQV
WKHVXEVWUDWHDQGRUWKHUHIHUHQFHFDQDGGLWLRQDOO\XQGHUJRSKRWRGLVVRFLDWLRQDQGPD\DOVREH
ORVWWRWKHFKDPEHUVXUIDFH7KHSKRWRVWDELOLW\RIHDFKVXEVWUDWHZDVHVWDEOLVKHGE\LUUDGLDWLRQ
RIVXEVWUDWHDLUPL[WXUHVLQWKHDEVHQFHRIDUDGLFDOSUHFXUVRUIRUDWLPHSHULRGORQJHUWKDQWKDW
HPSOR\HGLQWKHNLQHWLFH[SHULPHQWV’DUNH[SHULPHQWVRIWKHVXEVWUDWHUHIHUHQFHDLUPL[WXUHV
ZHUHDOVRFDUULHGRXWWR LQYHVWLJDWHWKHSRVVLELOLW\RIDGVRUSWLRQRQWKHZDOORI WKHFKDPEHU
3KRWRO\VLVDQGZDOOORVVUDWHLIDQ\FRXOGWKHQEHFRPSDUHGWRWKHH[WHQWRIWKHUHDFWLRQZLWK
WKH UDGLFDO RI LQWHUHVW RYHU WKH WLPH VFDOH RI WKH H[SHULPHQW 1RUPDOO\ WKH UHIHUHQFHV
HPSOR\HGGLGQRWSKRWRO\VHDQGWKHLUZDOOORVVHVZHUHIRXQGWREHYHU\ORZRIWHQEHORZWKH
GHWHFWLRQ OLPLW )RU VRPH RI WKH R[\JHQDWHG FRPSRXQGV LQYHVWLJDWHG LQ WKLV ZRUN WKH ZDOO
ORVVHVZHUHUHODWLYHO\KLJKDQGQRQQHJOLJLEOHRQWKHWLPHVFDOHRIWKHH[SHULPHQWV7DNLQJLQWR
DFFRXQWWKLVILUVWRUGHUSURFHVV(T,FDQEHUHDUUDQJHGWRJLYH>@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ZKHUHWLVWKHUHDFWLRQWLPHDQG ORVV
VXEVWUDWH
N LVWKHZDOOORVVUDWHRIWKHVXEVWUDWH
7KH HUURUV RI WKH UDWH FRHIILFLHQWV GHWHUPLQHG LQ WKLV ZRUN DUH JLYHQ DV WZLFH WKH VWDQGDUG
GHYLDWLRQ RI WKH OLQHDU UHJUHVVLRQ RI WKH GDWD SORWWHG DFFRUGLQJ WR (T , RU (T ,, SOXV DQ
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DGGLWLRQDOXQFHUWDLQW\GXHWRWKHSRWHQWLDOV\VWHPDWLFHUURUVDVVRFLDWHGZLWKWKHYDOXHRI
WKHUHIHUHQFHUDWHFRHIILFLHQW
7KH UDWH FRHIILFLHQWVZHUH W\SLFDOO\PHDVXUHG UHODWLYH WR WZR GLIIHUHQW UHIHUHQFHV WKXV WKH
ILQDOYDOXHVRI WKH UDWHFRHIILFLHQWV DUHDYHUDJHVRI WKRVHGHWHUPLQHGXVLQJ WKH WZRGLIIHUHQW
UHIHUHQFH FRPSRXQGV WRJHWKHU ZLWK HUURU OLPLWV ZKLFK HQFRPSDVV WKH H[WUHPHV RI WKH
LQGLYLGXDOGHWHUPLQDWLRQV
 3URGXFWDQDO\VLV
3URGXFW VWXGLHV ZHUH FDUULHG RXWPDLQO\ LQ WKH  " UHDFWRU GHVFULEHG LQ SDUDJUDSK 
XVLQJ)7,5VSHFWURVFRS\6XEVWUDWHVDQGSURGXFWVZHUHILUVWRIDOO LGHQWLILHGE\FRPSDULVRQ
RI WKH LQIUDUHG VSHFWUD RI WKH UHDFWLRQ PL[WXUH ZLWK WKRVH RI DXWKHQWLF VDPSOHV UHIHUHQFH
VSHFWUD WKHDQDO\VLVRIWKHFRPSOH[VSHFWUDSURFHHGHGWKHQE\VXFFHVVLYHO\VXEWUDFWLQJ WKH
FKDUDFWHULVWLF DEVRUSWLRQV RI LGHQWLILHG FRPSRXQGV ZLWK WKH XVH RI FDOLEUDWHG VSHFWUD 7KH
NQRZQ FRQFHQWUDWLRQ RI WKH UHIHUHQFH VSHFWUD DQG WKH VXEWUDFWLRQ IDFWRUV DOORZHG WKH
FRQFHQWUDWLRQRIHDFK LGHQWLILHG FRPSRXQG WREHGHWHUPLQHG7KHPRODU IRUPDWLRQ \LHOGRI
HDFK SURGXFW ZDV WKHQ GHULYHG E\ SORWWLQJ WKH DPRXQW RI WKH SURGXFW IRUPHG DJDLQVW WKH
DPRXQWRIWKHVXEVWUDWHFRQVXPHG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/HDVWVTXDUHDQDO\VLVRIWKHVHGDWDOHGWRSURGXFWIRUPDWLRQ\LHOGV7KHLQGLFDWHGHUURURIWKH
SURGXFWIRUPDWLRQ\LHOGVLVWZLFHWKHVWDQGDUGGHYLDWLRQRIWKHOLQHDUUHJUHVVLRQFRPELQHGZLWK
RYHUDOO XQFHUWDLQWLHV LQ WKH FRQFHQWUDWLRQ RI WKH UHIHUHQFH VSHFWUD DQG LQ WKH VXEWUDFWLRQ
IDFWRUV
)LJXUH  'HWHUPLQDWLRQ RI WKH PRODU
IRUPDWLRQ \LHOGV RI PRQRPHWK\O VXFFLQDWH
VTXDUHV FDUERQ PRQR[LGH FLUFOHV DQG
GLPHWK\O R[DORDFHWDWH WULDQJOHV IRUPHG
IURP WKH UHDFWLRQ RI GLPHWK\O VXFFLQDWH ZLWK
&O DWRPV 6HH WH[W
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)RU VRPH RI WKH LGHQWLILHG SURGXFWV SORWV RI WKHLU FRQFHQWUDWLRQ DJDLQVW WKH DPRXQWV RI
VXEVWUDWHFRQVXPHGVKRZHGFXUYDWXUH VWURQJO\ VXSSRUWLQJ WKDW VHFRQGDU\ UHDFWLRQVRI WKHVH
SULPDU\SURGXFWVRFFXUUHGGXULQJWKHWLPHSHULRGRIWKHH[SHULPHQWV
,QRUGHUWRGHULYHWKHIRUPDWLRQ\LHOGVRIWKHVHSURGXFWVWKHLUPHDVXUHGFRQFHQWUDWLRQVKDGWR
EHFRUUHFWHGIRUIXUWKHUUHDFWLRQVLQSDUWLFXODUIRUWKHUHDFWLRQZLWK2+UDGLFDOV&RUUHFWLRQV
ZHUHSHUIRUPHGXVLQJ(T,,,ZKLFKLVGHVFULEHGLQGHWDLOLQ>@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 3ORW RI WKH NLQHWLF GDWD DFFRUGLQJ HLWKHU WR (T , RU (T ,, IRU WKH JDVSKDVH UHDFWLRQV RI WKH 2+ UDGLFDO
ZLWK WKH LQYHVWLJDWHG R[\JHQDWHG RUJDQLF FRPSRXQGV 7KH GDWD IRU '%( UHODWLYH WR QEXWDQH KDYH EHHQ GLVSODFHG
YHUWLFDOO\ E\  XQLW IRU FODULW\
.LQHWLF VWXG\

5HDVRQDEO\JRRGVWUDLJKWOLQHSORWVZHUHREVHUYHGDQGOHDVWVTXDUHDQDO\VLVRIWKHVHGDWDOHGWR
WKHUDWHFRHIILFLHQWUDWLRV±‡JLYHQLQ7DEOH7KHUDWHFRHIILFLHQWUDWLRVZHUHSODFHGRQ
DQDEVROXWHEDVLVE\XVLQJWKH2+UHDFWLRQUDWHFRHIILFLHQWRIWKHUHIHUHQFHFRPSRXQGVOLVWHG
LQ$QQH[%7DEOH%7KHUHVXOWLQJUDWHFRHIILFLHQWVDUHDOVRUHSRUWHGLQ7DEOHWKHTXRWHG
HUURUV LQFOXGH‡ IURPWKHVWDWLVWLFDODQDO\VLVSOXVDQHVWLPDWHGDGGLWLRQDOV\VWHPDWLFHUURURI
GXHWRXQFHUWDLQWLHVLQWKHUHIHUHQFHUDWHFRHIILFLHQWV
7DEOH  5DWH FRHIILFLHQW UDWLRV NVXEVWUDWHNUHI DQG UDWH FRHIILFLHQWV N2+ IRU WKH JDVSKDVH UHDFWLRQV RI
2+ UDGLFDOV ZLWK WKH R[\JHQDWHG RUJDQLF FRPSRXQGV
6XEVWUDWH 5HIHUHQFH N
VXEVWUDWH
N
UHI
D N
2+
E F
EXWDQRO 2+ FKH[DQH ± ±
SHQWDQRO 2+ FKH[DQH ± ±
PHWKDQRO ± ±
PHWK\OSURSLRQDWH
2
2
HWKDQRO ± ±
QEXWDQH ± ±
GLPHWK\OVXFFLQDWH 2
2
2
2 HWKDQRO ± ±
HWKDQRO ± ±
GLPHWK\OJOXWDUDWH
2
2
2
2 QSURSDQRO ± ±
QSURSDQRO ± ±
GLPHWK\ODGLSDWH 2
2
2
2 FKH[DQH ± ±
D ,QGLFDWHG HUURUV DUH WZR OHDVWVTXDUHV VWDQGDUG GHYLDWLRQV
E LQ  FP PROHFXOH V XQLWV
F ,QGLFDWHG HUURUV LQFOXGH WKH HVWLPDWHG RYHUDOO XQFHUWDLQWLHV LQ UDWH FRHIILFLHQWV RI WKH UHIHUHQFH NUHI
 ’LVFXVVLRQ
$V VHHQ IURP7DEOH  WKH UHVXOWV REWDLQHG IRU HDFK LQGLYLGXDO FRPSRXQG XVLQJ GLIIHUHQW
UHIHUHQFHFRPSRXQGVVKRZHGQHJOLJLEOHGLIIHUHQFHV7KHUHIRUHWKHILQDOYDOXHVRIWKHK\GUR[\O
UHDFWLRQUDWHFRHIILFLHQWVUHSRUWHGLQ7DEOHDUHDYHUDJHVRIWKHLQGLYLGXDOGHWHUPLQDWLRQV
WRJHWKHUZLWKHUURUOLPLWVZKLFKHQFRPSDVVWKHH[WUHPHVRIWKHLQGLYLGXDOGHWHUPLQDWLRQV7KH
TXRWHGHUURUVUHIOHFWWKHDFFXUDF\RIWKHPHDVXUHPHQWV7KHUHVXOWVFDQEHFRPSDUHGZLWKWKH
FRUUHVSRQGLQJYDOXHVIRXQGLQWKHOLWHUDWXUH7DEOH

7DEOH  5DWH FRHIILFLHQWV LQ FP PROHFXOH V XQLWV IRU WKH JDVSKDVH UHDFWLRQV RI 2+ UDGLFDOV ZLWK
WKH LQYHVWLJDWHG R[\JHQDWHG RUJDQLF FRPSRXQGV &RPSDULVRQ RI WKH SUHVHQW UHVXOWV ZLWK OLWHUDWXUH GDWD
6XEVWDQFH WKLVZRUN OLWHUDWXUH
±× >@
±× >@EXWDQRO ±×
±× >@
±× >@
±× >@SHQWDQRO ±×
±× >@
±× >@
PHWK\OSURSLRQDWH ±×
±× >@
GLPHWK\OVXFFLQDWH ±× ±× >@
GLPHWK\OJOXWDUDWH ±× ±× >@
GLPHWK\ODGLSDWH ±× ±× >@
7DEOH  OLVWV YDOXHV RI WKH UDWH FRHIILFLHQWV IRU WKH UHDFWLRQ RI K\GUR[\O UDGLFDOV ZLWK
EXWDQRODQGSHQWDQROIURPSUHYLRXVURRPWHPSHUDWXUHGHWHUPLQDWLRQV>@
$QXQLWZHLJKWHGOHDVWVTXDUHVDYHUDJHRIWKHDEVROXWHDQGUHODWLYHUDWHFRHIILFLHQWVUHSRUWHGLQ
WKH OLWHUDWXUH VHH 7DEOH  OHG WR WKH UHFRPPHQGDWLRQV RI N2+  EXWDQRO    × 

FPPROHFXOHVDQGN2+  SHQWDQRO ×
FPPROHFXOHVERWKZLWKDQHVWLPDWHG
RYHUDOOXQFHUWDLQW\RI±JLYHQE\$WNLQVRQ>@7KHUHLVH[FHOOHQWDJUHHPHQWZLWKLQWKH
FRPELQHG H[SHULPHQWDO XQFHUWDLQWLHV EHWZHHQ WKH UHVXOWV RI DOO WKH VWXGLHV UHSRUWHG LQ WKH
OLWHUDWXUHDQG WKRVHRI WKHSUHVHQWZRUN IRU WKH UHDFWLRQRI2+UDGLFDOVZLWKEXWDQRO DQG
SHQWDQRO>@
$V VKRZQ LQ 7DEOH  WKH UDWH FRHIILFLHQW PHDVXUHG LQ WKLV ZRUN IRU WKH 2+  PHWK\O
SURSLRQDWHUHDFWLRQLVLQJRRGDJUHHPHQWZLWKWKHDEVROXWHUDWHFRHIILFLHQWVN2+  PHWK\O SURSLRQDWH
 ±×DQGN2+  PHWK\O SURSLRQDWH ±×FPPROHFXOHV UHSRUWHG
E\:DOOLQJWRQHWDO>@DQG/H&DOYpHWDO>@UHVSHFWLYHO\,QOLJKWRIWKHH[FHOOHQWDJUHHPHQW
EHWZHHQ WKH WKUHH VWXGLHV LW LV UHFRPPHQGHG WKDW WKH DYHUDJH RI WKH WKUHH GHWHUPLQDWLRQV
N2+  PHWK\O SURSLRQDWH    × 
 FP PROHFXOH V LV XVHG LQ PRGHOV RI WKH DWPRVSKHULF
FKHPLVWU\RIPHWK\OSURSLRQDWH>@
7KHYDOXHVIURP$VFKPDQQDQG$WNLQVRQ>@DUHWKHRQO\RQHVUHSRUWHGLQWKHOLWHUDWXUHIRU
WKHUHDFWLRQRIWKHWKUHHGLEDVLFHVWHUVZLWK2+UDGLFDOV:KLOHWKHUDWHFRHIILFLHQWVPHDVXUHG
E\ $VFKPDQQ DQG $WNLQVRQ IRU ’%( DQG ’%( DUH LQ UHDVRQDEOH DJUHHPHQW ZLWK WKH
.LQHWLF VWXG\

SUHVHQW YDOXHV WKHUH LV D VLJQLILFDQW GLVFUHSDQF\ RI DSSUR[LPDWHO\ D IDFWRU  LQ WKH UDWH
FRHIILFLHQWIRU’%(7KHUHDVRQIRUWKLVODUJHGLIIHUHQFHLVSUHVHQWO\QRWFOHDUEXWFRXOGOLH
LQWKHDQDO\WLFDOSURFHGXUHXVHGE\$VFKPDQQDQG$WNLQVRQ LQZKLFKJDVVDPSOHVFROOHFWHG
IURP WKH UHDFWLRQ FKDPEHU RQWR D 7HQD[VROLG DGVRUEHQW ZHUH VXEVHTXHQWO\ WKHUPDOO\
GHVRUEHGDQGDQDO\VHGE\JDVFKURPDWRJUDSK\7KLVPHWKRGFRXOGSRWHQWLDOO\ OHDGWRORVVHV
RI WKH VWLFN\ VXEVWUDWH FRPSRXQGV VSHFLDOO\ RI WKRVHZLWK KLJKHU ERLOLQJ SRLQW UHVXOWLQJ LQ
ODUJHU UDWH FRHIILFLHQWV IRU WKH LQYHVWLJDWHG K\GUR[\O UDGLFDO UHDFWLRQV+RZHYHU WKH SUHVHQW
PHDVXUHPHQWV DUH DOVR DIIHFWHG E\ XQFHUWDLQWLHV VLQFH WKH VPRRWK LQIUDUHG IHDWXUHV RI WKH
ORQJHU’%(HVWHUVPDNHDYHU\DFFXUDWHDQDO\VLVRIWKHUHDFWLRQVSHFWUDTXLWHGLIILFXOW%HFDXVH
RIWKHGLIILFXOWLHVLQPHDVXULQJWKHVHFRPSRXQGVWKHDJUHHPHQWEHWZHHQWKHYDOXHVPHDVXUHG
KHUHDQGWKRVHRI$VFKPDQQDQG$WNLQVRQLVDFFHSWDEOH
$WPRVSKHULFLPSOLFDWLRQ
7KHDWPRVSKHULFGHJUDGDWLRQRIYRODWLOHRUJDQLFFRPSRXQGVLVLQLWLDWHGE\UHDFWLRQZLWK2+
UDGLFDOV&ODWRPVR]RQH12

UDGLFDOVSKRWRO\VLVDQGZHWGU\GHSRVLWLRQ
$V GLVFXVVHG E\ 1RWDULR HW DO >@ DQG :DOOLQJWRQ HW DO >@ IRU W\SLFDO WURSRVSKHULF
FRQFHQWUDWLRQVRI&O DWRPV DQG2+UDGLFDOV WKH&O UHDFWLRQ LV D QHJOLJLEOH ORVV SURFHVV IRU
DOFRKROVDQGHVWHUVFRPSDUHGWRWKH2+UHDFWLRQ$OWKRXJKQRNLQHWLFGDWDDUHDYDLODEOH IRU
WKH JDVSKDVH UHDFWLRQV RI 2

 ZLWK SULPDU\ DOFRKROV WKH UHDFWLRQV DUH H[SHFWHG WR EH RI
QHJOLJLEOH LPSRUWDQFH IXUWKHU VLQFH R]RQH GRHV QRW UHDFW WR D VLJQLILFDQFH H[WHQW ZLWK
DOGHK\GHVDQGNHWRQHV >@ UHDFWLRQRI2

ZLWKHVWHUV LV DOVRQRW H[SHFWHG WREH LPSRUWDQW
6LPLODUO\WKHJDVSKDVHUHDFWLRQRIWKHLQYHVWLJDWHGFRPSRXQGVZLWK12

UDGLFDOVDUHH[SHFWHG
WREHH[WUHPHO\ VORZ’DWDRI&DOYHUW DQG3LWWV >@ LQGLFDWH WKDWSKRWRO\VLVRI DOFRKROV DQG
HVWHUV DUH RQO\ UHOHYDQW EHORZ  QP DQG  QP UHVSHFWLYHO\ DQG ZLOO QRW EH RI DQ\
VLJQLILFDQFH LQ WKH ORZHU WURSRVSKHUH )XUWKHU WKHUH ZHUH QR LQGLFDWLRQ RI VLJQLILFDQW
SKRWRO\VLVORVVHVRIWKHVHFRPSRXQGVLQWKHNLQHWLFH[SHULPHQWVSHUIRUPHGLQWKLVVWXG\
6LQFHWKHFKHPLFDOGHJUDGDWLRQSURFHVVHVPHQWLRQHGDERYH†UHDFWLRQZLWK&ODWRPV2

12

UDGLFDOVDQGSKRWRO\VLV†DUHFRQVLGHUHGWREHRIQRLPSRUWDQFHDVWURSRVSKHULFORVVSURFHVVHV
IRU WKH LQYHVWLJDWHG FRPSRXQGV WKHLU RYHUDOO WURSRVKHULF OLIHWLPHV DUH H[SHFWHG WR EH
GRPLQDWHG PDLQO\ E\ UHDFWLRQV ZLWK 2+ UDGLFDOV 7KH DWPRVSKHULF FRQFHQWUDWLRQ OHYHOV RI
K\GUR[\OUDGLFDOVH[KLELWDWHPSRUDOJHRJUDSKLFDODQGPHWHRURORJLFDOYDULDELOLW\7KHGLXUQDOO\
VHDVRQDOO\DQGDQQXDOO\DYHUDJHGJOREDOWURSRVSKHULFK\GUR[\OUDGLFDOFRQFHQWUDWLRQLVFD×
PROHFXOHFPKDYHUDJH>@7KH2+UHDFWLRQUDWHFRHIILFLHQWVPHDVXUHGKHUHFDQEH

FRPELQHGZLWKWKHDERYHUHSRUWHGK\GUR[\OUDGLFDOFRQFHQWUDWLRQWRREWDLQHVWLPDWHVRIWKHLU
WURSRVSKHULFOLIHWLPHV7DEOH
6XEVWDQFH ·LQGD\V
EXWDQRO 
SHQWDQRO 
PHWK\OSURSLRQDWH 
GLPHWK\OVXFFLQDWH 
GLPHWK\OJOXWDUDWH 
GLPHWK\ODGLSDWH 
7KH WURSRVSKHULF OLIHWLPHVHVWLPDWHG IRUEXWDQRO DQGSHQWDQROGXH WR UHDFWLRQZLWK2+
DUHDURXQGGD\%RWKDOFRKROVDUHGHVWUR\HGUHODWLYHO\UDSLGO\FORVHWRWKHHPLVVLRQVRXUFH
KRZHYHU PHWHRURORJLFDO FRQGLWLRQV DQG ORFDO UHOHDVH SDWWHUQV PD\ DOVR GHWHUPLQH WKHLU
JHRJUDSKLFDO GLVWULEXWLRQ ORFDOVFDOH WUDQVSRUW %XWDQRO DQG SHQWDQRO KDYH+HQU\•V ODZ
FRHIILFLHQWVRI 0DWP >@ DQG0 DWP >@ UHVSHFWLYHO\ DQG DUH UHDGLO\ VROXEOH LQ
ZDWHU J/ DQG J/ DW & IRU EXWDQRO DQG SHQWDQRO UHVSHFWLYHO\ VXJJHVWLQJ WKDW
ZHWGHSRVLWLRQPD\DOVREHDQLPSRUWDQWVLQNSURFHVVIRUWKHVHVSHFLHV
(VWHUV VKRZ ORQJHU WURSRVSKHULF FKHPLFDO OLIHWLPHV UDQJLQJ IURP D IHZGD\V IRU WKH GLEDVLF
HVWHUV WRGD\V IRUPHWK\OSURSLRQDWH7KHVH VSHFLHV VXUYLYH ORQJ HQRXJK WR EHFRPHZHOO
GLVSHUVHGIURPWKHVRXUFHRULJLQZLWKUHJLRQDOVFDOHWUDQVSRUWEHLQJOLNHO\XUEDQHPLVVLRQVRI
WKHVH FRPSRXQGV DUH WKHUHIRUH XQOLNHO\ WR FRQWULEXWH WR ORFDO R]RQH DQG SKRWRR[LGDQW
IRUPDWLRQ7KHORZ+HQU\•VODZFRHIILFLHQWVRIHVWHUV.
+
 0DWP.
+
 0DWPIRU
PHWK\O DFHWDWH DQG PHWK\O SURSLRQDWH UHVSHFWLYHO\ >@ SUREDEO\ SUHFOXGHV ZHW GHSRVLWLRQ
IURPEHLQJ D VLJQLILFDQW DWPRVSKHULF ORVVPHFKDQLVP IRUPHWK\O SURSLRQDWH DQG WKH GLEDVLF
HVWHUV
:KLOH WKH UDWH FRHIILFLHQWV IRU WKH JDVSKDVH UHDFWLRQV RI WKH2+ UDGLFDOZLWK DOFRKROV DQG
HVWHUVGHWHUPLQH WKHLU WURSRVSKHULFFKHPLFDO OLIHWLPHV WKHR]RQH IRUPDWLRQ DULVLQJ IURP WKH
SKRWRR[LGDWLRQRIWKHVHFRPSRXQGVLQWKHWURSRVSKHUHDOVRGHSHQGVRQWKHPHFKDQLVPDQG
SURGXFWVRIWKHUHDFWLRQVVXEVHTXHQWWRWKHLQLWLDO2+UDGLFDODWWDFN,QSDUWLFXODUWKHDPRXQWV
RI 12 FRQYHUWHG WR 12

 RUJDQLF QLWUDWH IRUPHG DQG2+ UDGLFDOV UHJHQHUDWHG GXULQJ WKH
UHDFWLRQV VXEVHTXHQW WR WKH LQLWLDO 2+ DWWDFN GHWHUPLQH WKH LPSRUWDQFH RI WKHLU R]RQH
IRUPDWLRQSRWHQWLDOV7KHVHDVSHFWVZLOOEHGLVFXVVHGLQ&KDSWHURQWKHEDVLVRIWKHUHVXOWVRI
7DEOH  7URSRVSKHULF OLIHWLPHV ZLWK
UHVSHFW WR UHDFWLRQ ZLWK 2+ UDGLFDOV
.LQHWLF VWXG\

WKH SURGXFW VWXGLHV RQ WKH DWPRVSKHULF GHJUDGDWLRQ RI WKH WZR DOFRKROV SHQWDQRO DQG
EXWDQRODQGWZRHVWHUVPHWK\OSURSLRQDWHDQGGLPHWK\OVXFFLQDWH
6$5PHWKRG
2Q WKHEDVLVRI WKH DYDLODEOH NLQHWLF GDWD IRU JDVSKDVH2+ UDGLFDO UHDFWLRQV$WNLQVRQ DQG
.ZRN > @ GHYHORSHG D PHWKRG WR HVWLPDWH UDWH FRHIILFLHQWV IRU WKH UHDFWLRQV RI 2+
UDGLFDOV ZLWK RUJDQLF FRPSRXQGV DW URRP WHPSHUDWXUH DQG DWPRVSKHULF SUHVVXUH 7KLV VR
FDOOHG 6$5 6WUXFWXUH†$FWLYLW\ 5HODWLRQVKLS PHWKRG LV EDVHG RQ WKH REVHUYDWLRQ WKDW WKH JDV
SKDVH 2+ UDGLFDO UHDFWLRQ ZLWK RUJDQLF FRPSRXQGV SURFHHGV E\ D QXPEHU RI VHSDUDWH
SURFHVVHVZKLFKDUHDVVXPHGWREHDGGLWLYHDQGFDQWKHUHIRUHEHGHDOWZLWKLQGLYLGXDOO\)RU
WKHRUJDQLF FRPSRXQGVZKRVH2+UDGLFDO UHDFWLRQSURFHHGV E\ D+DWRP DEVWUDFWLRQ IURP
&†+DQG2†+ERQGV† WKH FRPSRXQGV LQYHVWLJDWHG LQ WKLVZRUNEHORQJ WR WKLV FDVH † WKH
FDOFXODWLRQRIRYHUDOOUHDFWLRQUDWHFRHIILFLHQWLVEDVHGXSRQWKHHVWLPDWLRQDQGWKHDGGLWLRQRI
JURXS UDWH FRHIILFLHQWV IRU WKH+DWRP DEVWUDFWLRQ IURP WKH GLIIHUHQW †&+ †&+†!&+†
DQG †2+ JURXSV LQ WKH PROHFXOH 7KH †&+ †&+† !&+† DQG †2+ UDWH FRHIILFLHQWV
GHSHQGRQWKHLGHQWLW\RIWKHVXEVWLWXHQWVDWWDFKHGWRWKHVHJURXSVZLWK
N&+†; NSULP⋅);
N;†&+†< NVHF⋅);⋅)<
N;†&+†<†= NWHUW⋅);⋅)<⋅)=
ZKHUH NSULP NVHF DQG NWHUW DUH WKH UDWH FRHIILFLHQW SHU †&+ †&+† DQG !&+† JURXS IRU D
·VWDQGDUGµVXEVWLWXHQW; < = †&+DQG);)<DQG)=DUHWKHVXEVWLWXHQWIDFWRUV
IRUWKHFRUUHVSRQGLQJVXEVWLWXHQWV
7KHDYDLODEOHNLQHWLFGDWD IRUJDVSKDVH2+UDGLFDO UHDFWLRQVHQDEOHGJURXSUDWHFRHIILFLHQWV
NSULPNVHF DQGNWHUW WREHGHULYHGNSULP × 
 FPPROHFXOH VNVHF  × 

FP PROHFXOH V DQG NWHUW    × 
 FP PROHFXOH V > @ ,Q DGGLWLRQ WKH UDWH
FRHIILFLHQWIRUWKH+DWRPDEVWUDFWLRQIURPWKH†2+JURXSKDVEHHQGHULYHGWREHNDEVW†2+
 ×FPPROHFXOHV7KHVXEVWLWXHQWIDFWRUVXVHGIRUHVWLPDWLQJWKH2+UHDFWLRQ
UDWHFRHIILFLHQWVRIWKHFRPSRXQGVLQYHVWLJDWHG LQWKLVZRUNDUHWKHIROORZLQJ)†&+ 
)†&+†    )†2+    ,Q 7DEOH  WKH H[SHULPHQWDO UDWH FRHIILFLHQWV IURP WKH
SUHVHQWZRUNDUHFRPSDUHGZLWKFDOFXODWHGYDOXHVXVLQJWKH6$5WHFKQLTXH

7DEOH  &RPSDULVRQ EHWZHHQ H[SHULPHQWDO DQG FDOFXODWHG UDWH FRHIILFLHQWV 6$5  DQG  IRU WKH
UHDFWLRQV RI 2+ UDGLFDOV ZLWK WKH LQYHVWLJDWHG R[\JHQDWHG RUJDQLF FRPSRXQGV
6XEVWDQFH WKLVZRUN 6$5D 6$5E 6$5F
EXWDQRO ±× × G G
SHQWDQRO ±× × G G
PHWK\OSURSLRQDWH 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±× × × ×
GLPHWK\OVXFFLQDWH ±× × × ×
GLPHWK\OJOXWDUDWH ±× × × ×
GLPHWK\ODGLSDWH ±× × × ×
D )²&+&22  )²&+  
E )²&+&22  )²&+&2²5  
F)²&+&22   >@
G QR FKDQJHV
)DLU DJUHHPHQW LV IRXQG EHWZHHQ WKH 2+ UDGLFDO UHDFWLRQ UDWH FRHIILFLHQWV PHDVXUHG IRU
EXWDQRODQGSHQWDQRODQGWKHFDOFXODWHGYDOXHV7KHVOLJKWGLVFUHSDQF\†WKHPHDVXUHGUDWH
FRHIILFLHQWVDUHFDWRKLJKHUWKDQWKHFDOFXODWHGRQHV†SUREDEO\LQGLFDWHVWKDWWKH2+
IXQFWLRQDO JURXS KDV D PRUH VLJQLILFDQW HIIHFW RQ WKH †&+

† JURXSV VSHFLDOO\ LQ ¡ DQG ¢
SRVLWLRQVWKDQWKDWDVVXPHGLQWKH6$5HVWLPDWLRQPHWKRG
)RUWKHHVWLPDWLRQRIWKH2+UDGLFDOUHDFWLRQUDWHFRHIILFLHQWVRIWKHHVWHUVDGGLWLRQDOIDFWRUV
ZHUHHPSOR\HG)†2&25 DQG)†&225 >@7KLV ODWWHUYDOXHZDVXVHG
LQVWHDGRIWKHYDOXH)†&225 GHULYHGE\.ZRNDQG$WNLQVRQ>@VLQFHLW LVD
PRUHGHILQLWLYHGHULYDWLRQRI)†&225IURPUHFHQWPHDVXUHPHQWVRIUDWHFRHIILFLHQWVIRUD
VHULHVRIODFWDWHV
,Q WKH FDOFXODWLRQ 7DEOH  FROXPQ 6$5 WKH VXEVWLWXHQW IDFWRU )†&+

†&225 LV
FRQVLGHUHG WREH HTXDO WR)†&+

†  ,W LV DVVXPHG WKDW WKH †&225JURXSKDV QR
LQIOXHQFHRQ WKH&+

RU&+

 JURXS LQ¢ SRVLWLRQ DW WKH DF\O HQGRI WKH HVWHU$V VKRZQ LQ
7DEOH WKH2+UHDFWLRQUDWHFRHIILFLHQWVFDOFXODWHGIRUWKHHVWHUVDQGUHSRUWHG LQFROXPQ
6$5DUHLQUHDVRQDEOHDJUHHPHQWZLWKWKHPHDVXUHGYDOXHV
,WFDQDOVREHDVVXPHGWKDWWKH†&225JURXSKDVWKHVDPHLQIOXHQFHRQWKH&+

RU&+

JURXS LQ ¢ SRVLWLRQ LQ WKH DF\O HQG RI WKH HVWHU DV WKH NHWRQH JURXS †&25 LH
)†&+

†&225 )†&+

†&25  7DEOHFROXPQ6$5 ,Q WKLV FDVHDOO WKH
FDOFXODWHGYDOXHVOLVWHGLQFROXPQ6$5H[FHHGWKHH[SHULPHQWDORQHV2QWKHEDVLVRIWKLV
REVHUYDWLRQ /H &DOYp HW DO >@ XVLQJ D NLQHWLF GDWDEDVH IRU DOLSKDWLF DFHWDWHV DQG PHWK\O
.LQHWLF VWXG\

)LJXUH  3ORW RI WKH NLQHWLF GDWD
DFFRUGLQJ WR HLWKHU (T , RU (T ,, IRU
WKH JDVSKDVH UHDFWLRQV RI &O DWRPV
ZLWK WKH LQYHVWLJDWHG R[\JHQDWHG
RUJDQLF FRPSRXQGV
HVWHUV GHULYHG D YDOXH )†&+

†&225    7DEOH  FROXPQ 6$5 ZKLFK LV
LQWHUPHGLDWHEHWZHHQWKHYDOXHVXVHGIRUWKHFDOFXODWLRQLQFROXPQ6$5DQG6$5RI7DEOH
+RZHYHU DQ HQKDQFHPHQWRI WKH&†+ERQGV UHDFWLYLW\ DW WKH¢ SRVLWLRQ WR D FDUERQ\O
& 2SURGXFHVDVOLJKWO\EHWWHUILWEHWZHHQFDOFXODWHGDQGH[SHULPHQWDOUDWHFRHIILFLHQWVRQO\
IRU WKHPHWK\OSURSLRQDWHDQGIRUGLPHWK\O VXFFLQDWH 7DEOH WKH VLJQLILFDQWGLVFUHSDQF\
VKRZQIRUGLPHWK\OJOXWDUDWHDQGGLPHWK\ODGLSDWHVXJJHVWV WKHQHHGRID ODUJHUGDWDEDVHRQ
HVWHUVDQGGLHVWHUVWKDQWKDWFXUUHQWO\DYDLODEOHLQRUGHUWREHDEOHWREHWWHUGHILQHWKHUHDFWLYLW\
RIWKH&+

JURXSDWWKH¢SRVLWLRQWRWKHFDUERQ\OJURXSLQHVWHUPROHFXOHV
,Q FRQFOXVLRQ WKH 6WUXFWXUH†$FWLYLW\ 5HODWLRQVKLS PHWKRG DSSHDUV WR EH UHODWLYHO\ HIIHFWLYH LQ
SUHGLFWLQJUDWHFRHIILFLHQWVIRUWKHUHDFWLRQRI2+UDGLFDOVZLWKDOFRKROVDQGHVWHUVDQGFDQEH
XVHGWRDSSUR[LPDWHO\HVWLPDWHWKHUHODWLYHLPSRUWDQFHRIWKHDWWDFNRIWKH2+UDGLFDODWWKH
LQGLYLGXDOVLWHVRIWKHPROHFXOH
 &KORULQHDWRPUHDFWLRQUDWHFRHIILFLHQWV
 5HVXOWV
5DWH FRHIILFLHQWV KDYH EHHQ PHDVXUHG IRU WKH UHDFWLRQ RI FKORULQH DWRPV ZLWK PHWK\O
SURSLRQDWH035DQGLWVPDMRUGHJUDGDWLRQSURGXFWV†SURSLRQLFIRUPLFDQK\GULGH35)$
SURSLRQLF DFLG 35$ DQG PHWK\O S\UXYDWH 03<5 † DQG ZLWK WKH WKUHH GLEDVLF HVWHUV
GLPHWK\O VXFFLQDWH ’%( GLPHWK\O JOXWDUDWH ’%( GLPHWK\O DGLSDWH ’%( 7KH
REVHUYHG ORVVHV RI HDFK VXEVWUDWH FRPSRXQG YHUVXV WKRVH RI UHIHUHQFH FRPSRXQGV LQ WKH
SUHVHQFH RI FKORULQH DWRPV DUH SORWWHG LQ )LJXUH  DFFRUGLQJ WR HLWKHU (T , RU (T ,,
GHSHQGLQJRQZKHWKHURUQRWFRUUHFWLRQIRUZDOOORVVZDVQHFHVVDU\
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.LQHWLF VWXG\
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5HDVRQDEO\JRRGVWUDLJKWOLQHSORWVZHUHREVHUYHGDQGOHDVWVTXDUHDQDO\VLVRIWKHVHGDWDOHGWR
WKHUDWHFRHIILFLHQWUDWLRV±‡JLYHQLQ7DEOH
7DEOH  5DWH FRHIILFLHQW UDWLRV NVXEVWUDWHNUHI DQG UDWH FRHIILFLHQWV N&O LQ  FP PROHFXOH V XQLWV
IRU WKH JDVSKDVH UHDFWLRQV RI &O DWRPV ZLWK WKH LQYHVWLJDWHG R[\JHQDWHG RUJDQLF FRPSRXQGV
6XEVWUDWH 5HIHUHQFH N
VXEVWUDWH
N
UHI
D N
&O
E
&OHWKDQH ± ±
PHWK\OSURSLRQDWH
2
2
HWKDQH ± ±
&OHWKDQH ± ±SURSLRQLF IRUPLF
DQK\GULGH 2
2
+
2
PHWK\OIRUPLDWH ± ±
&OHWKDQH ± ±
SURSLRQLFDFLG
2+
2
PHWK\OIRUPLDWH ± ±
PHWK\OIRUPLDWH ± ±
PHWK\OS\UXYDWH 2
2
2 &OPHWKDQH ± ±
&OHWKDQH ± ±
GLPHWK\OVXFFLQDWH 2
2
2
2 LVR&OSURSDQH ± ±
&OHWKDQH ± ±
GLPHWK\OJOXWDUDWH
2
2
2
2 LVR&OSURSDQH ± ±
&OHWKDQH ± ±
GLPHWK\ODGLSDWH 2
2
2
2 LVR&OSURSDQH ± ±
D ,QGLFDWHG HUURUV DUH WZR OHDVWVTXDUHV VWDQGDUG GHYLDWLRQV
E ,QGLFDWHG HUURUV LQFOXGH WKH HVWLPDWHG RYHUDOO XQFHUWDLQWLHV LQ UDWH FRHIILFLHQWV RI WKH UHIHUHQFHNNUHI
7KH UDWH FRHIILFLHQW UDWLRV ZHUH SODFHG RQ DQ DEVROXWH EDVLV XVLQJ WKH &O UHDFWLRQ UDWH
FRHIILFLHQW RI WKH UHIHUHQFH FRPSRXQGV OLVWHG LQ $QQH[ % 7DEOH % 7KH UHVXOWLQJ UDWH
FRHIILFLHQWV DUH DOVR UHSRUWHG LQ7DEOH  WKH TXRWHG HUURUV LQFOXGH ‡ IURP WKH VWDWLVWLFDO
DQDO\VLVSOXVDQDGGLWLRQDOHVWLPDWHGV\VWHPDWLFHUURUGXHWRXQFHUWDLQWLHVLQWKHUHIHUHQFH
UDWHFRHIILFLHQWV
 ’LVFXVVLRQ
)RU DOO WKH LQYHVWLJDWHG FRPSRXQGV WKH UHVXOWV REWDLQHG IURP H[SHULPHQWV XVLQJ GLIIHUHQW
UHIHUHQFH FRPSRXQGV VKRZHG QHJOLJLEOH GLIIHUHQFHV 7KHUHIRUH WKH ILQDO YDOXHV RI WKH &O
UHDFWLRQUDWHFRHIILFLHQWVUHSRUWHGLQ7DEOHDUHDYHUDJHVRIWKHLQGLYLGXDOGHWHUPLQDWLRQV
WRJHWKHU ZLWK HUURU OLPLWV ZKLFK HQFRPSDVV WKH H[WUHPHV RI WKH LQGLYLGXDO GHWHUPLQDWLRQV

:LWKWKHH[FHSWLRQRIPHWK\OSURSLRQDWH WKHSUHVHQWZRUNUHSUHVHQWV WKHILUVW UHSRUWRI WKH
UDWHFRHIILFLHQWVIRUWKHUHDFWLRQRIFKORULQHDWRPVZLWKDOOWKHLQYHVWLJDWHGFRPSRXQGV>@
8VLQJDQDEVROXWHWHFKQLTXH1RWDULRHWDO >@UHSRUWHGN&O  PHWK\O SURSLRQDWH ×
FP
PROHFXOHVZKLFKLVKLJKHUWKDQWKDWREWDLQHGLQWKLVVWXG\,QWHUHVWLQJO\&KULVWHQVHQHW
DO>@PHDVXUHGDYDOXHRIN&O  PHWK\O DFHWDWHZKLFKZDVORZHUWKDQWKDWUHSRUWHGE\1RWDULR
HW DO /DQJHU HW DO >@PHDVXUHG D YDOXH RIN&O  WEXW\O DFHWDWHZKLFKZDV  ORZHU WKDQ WKDW
UHSRUWHGE\1RWDULRHWDO >@DQG:DOOLQJWRQ HW DO >@PHDVXUHGDYDOXHRIN&O  PHWK\O IRUPDWH
ZKLFKZDVORZHUWKDQWKDWUHSRUWHGE\1RWDULRHWDO>@,WZRXOGDSSHDUWKDW1RWDULRHW
DO>@KDYHV\VWHPDWLFDOO\RYHUHVWLPDWHGWKHUHDFWLYLW\RI&ODWRPVWRZDUGVHVWHUV
7DEOH  5DWH FRHIILFLHQWV LQ FP PROHFXOH V XQLWV IRU WKH JDVSKDVH UHDFWLRQV RI &O DWRPV ZLWK WKH
LQYHVWLJDWHG R[\JHQDWHG RUJDQLF FRPSRXQGV
6XEVWDQFH WKLVZRUN
PHWK\OSURSLRQDWH ±×
SURSLRQLFIRUPLFDQK\GULGH ±×
SURSLRQLFDFLG ±×
PHWK\OS\UXYDWH ±×
GLPHWK\OVXFFLQDWH ±×
GLPHWK\OJOXWDUDWH ±×
GLPHWK\ODGLSDWH ±×
1RWDULRHWDO>@KDYHWHQWDWLYHO\DSSOLHGWKH6WUXFWXUH†$FWLYLW\5HODWLRQVKLS6$5PHWKRGWRWKH
UHDFWLRQ RI FKORULQH DWRPV ZLWK D VHULHV RI HVWHUV 7KH SDUDPHWHUV NSULP    × 

FPPROHFXOHVNVHF ×
FPPROHFXOHVNWHUW ×
FPPROHFXOHVDQG
)†&+ DQG)†&+† ZHUHGHGXFHG IURPWKH H[LVWLQJNLQHWLFGDWDEDVH IRU WKH
JDVSKDVHUHDFWLRQVRI&ODWRPVZLWKDONDQHV>@7KHVXEVWLWXHQWIDFWRUVVSHFLILFWRWKHHVWHUV
ZHUH GHULYHG IURP WKH NLQHWLF GDWD IRU WKH &O DWRP UHDFWLRQ UDWH FRHIILFLHQWV RI D VHULHV RI
HVWHUV>@)†&+†&22&+ )†2&25 DQG)†&2 
7KH HVWLPDWLRQPHWKRGSURYLGHV WKH IROORZLQJ UDWH FRHIILFLHQWV LQ FPPROHFXOH V XQLWV
N&O  PHWK\O SURSLRQDWH ×
N&O  '%( ï
N&O  '%( ï
N&O  '%( 
ï  IRU WKH UHDFWLRQ RI FKORULQH DWRPVZLWKPHWK\O SURSLRQDWH GLPHWK\O VXFFLQDWH
GLPHWK\O JOXWDUDWH DQG GLPHWK\O DGLSDWH UHVSHFWLYHO\ 7KH FDOFXODWHG UDWH FRHIILFLHQWV DUH LQ
UHDVRQDEOHDJUHHPHQWZLWKWKHPHDVXUHGYDOXHV
$WPRVSKHULF R[LGDWLRQ RI DOFRKROV
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3RVVLEOH K\GUR[\O UDGLFDO DWWDFN VLWHV
RI SULPDU\ DOFRKROV
  &KDSWHU
$WPRVSKHULFR[LGDWLRQRIDOFRKROV
,Q WKLV ZRUN PHFKDQLVWLF VWXGLHV ZHUH FDUULHG RXW RQ WKH DWPRVSKHULF GHJUDGDWLRQ RI WZR
SULPDU\DOFRKROVEXWDQRODQGSHQWDQRO
7KHGRPLQDQW FKHPLFDO ORVV SURFHVV IRU DOLSKDWLF DOFRKROV LQ WKH WURSRVSKHUH LV E\ UHDFWLRQ
ZLWK WKH 2+ UDGLFDO > @ 7KH 2+ UDGLFDO LQLWLDWHG R[LGDWLRQ RI ERWK DOFRKROV ZDV
SHUIRUPHG XQGHU DWPRVSKHULF FRQGLWLRQV DQG LQ WKH SUHVHQFH RI 12
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 LQ WKH(83+25(
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,QWKHIROORZLQJVHFWLRQDJHQHUDOGHJUDGDWLRQPHFKDQLVPIRUERWKDOFRKROVZLOOEHGHYHORSHG
DQG DIWHUZDUGV WKH H[SHULPHQWDO UHVXOWV ZLOO EH SUHVHQWHG DQG GLVFXVVHG IRU WKH LQGLYLGXDO
DOFRKROV
 *HQHUDOPHFKDQLVWLFFRQVLGHUDWLRQVRQWKH
GHJUDGDWLRQRISULPDU\DOFRKROV
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DQG†2+JURXSVSUHVHQWLQWKHPROHFXOH
7KHHVWLPDWLRQWHFKQLTXH6$5PHWKRGRI$WNLQVRQ
DQG .ZRN > @ DOORZV WKH SHUFHQWDJH RI 2+
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6FKHPH  5HDFWLRQ VFKHPH IRU WKH 2+ UDGLFDO LQLWLDWHG R[LGDWLRQ RI DOFRKROV 5²&+&+2+
+DWRP DEVWUDFWLRQ IURP ²&+² JURXSV DW WKH ¢ £ HWF SRVLWLRQV
$QDORJRXV WR WKH DONR[\ UDGLFDOV IRUPHG IURP WKH DONDQHV WKH ¢ £ HWF K\GUR[\ DONR[\
UDGLFDOVFDQWKHQUHDFWZLWK2

XQLPROHFXODUO\GHFRPSRVHLQWRWZRVKRUWHUFKDLQVSHFLHVRULI
SRVVLEOH LVRPHULVH 7KHVH WKUHH UHDFWLRQV DUH VKRZQ LQ 6FKHPH  IRU D JHQHUDO K\GUR[\
DONR[\UDGLFDO
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OHDGVWRWKHIRUPDWLRQRID¢£HWF
K\GUR[\FDUERQ\ODQGWKH+2

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FKDQQHOFSURFHHGVYLDDF\FOLF WUDQVLWLRQVWDWH LQZKLFKDQ
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6FKHPH  7URSRVSKHULF UHDFWLRQV RI ¢ £ HWF K\GUR[\ DONR[\ UDGLFDOV GHULYHG IURP DOFRKROV
7KH UHODWLYH LPSRUWDQFHRI WKH UHDFWLRQSDWKZD\V IRU WKH LQGLYLGXDO¢£ HWFK\GUR[\ DONR[\
UDGLFDOV GHVFULEHG DERYH † UHDFWLRQ ZLWK 2

 GHFRPSRVLWLRQ DQG LVRPHULVDWLRQ † ZLOO EH
GLVFXVVHGVHSDUDWHO\IRUSHQWDQRODQGEXWDQRORQWKHEDVLVRIWKHUHVXOWVIURPWKHSUHVHQW
DQG SUHYLRXV >  @ SURGXFW VWXGLHV 7KH HPSLULFDO HVWLPDWLRQ PHWKRG SURSRVHG E\
$WNLQVRQ>@WRFDOFXODWHWKHUDWHFRQVWDQWVIRUWKHDONR[\UDGLFDOUHDFWLRQSDWKZD\VLV
DOVR DSSOLFDEOH WR WKH K\GUR[\ DONR[\ UDGLFDOV IRUPHG IURP WKH UHDFWLRQ RI SHQWDQRO DQG
EXWDQROZLWK2+WKHUHIRUHWKHVHHVWLPDWLRQSUHGLFWLRQVZLOOEHFRPSDUHGLQWKHIROORZLQJ
GLVFXVVLRQZLWKWKHH[SHULPHQWDOGDWDFRQFHUQLQJWKHGRPLQDQWUHDFWLRQSDWKZD\V
$WPRVSKHULF R[LGDWLRQ RI DOFRKROV
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 $WPRVSKHULFGHJUDGDWLRQRISHQWDQRO
7KH SURGXFWV VWXGLHV RQ WKH JDVSKDVH R[LGDWLRQ RI SHQWDQRO ZHUH FDUULHG RXW LQ WKH
(83+25( RXWGRRU SKRWRUHDFWRU LQ 9DOHQFLD6SDLQ LQ 0DUFK  7KH R[LGDWLRQ RI
SHQWDQROZDVLQLWLDWHGE\UHDFWLRQZLWK2+UDGLFDOVJHQHUDWHGE\WKHSKRWRO\VLVRI+212
SUHSDUHGDVGHVFULEHGLQ$QQH[’7RFRPSHQVDWHIRUWKHFRQVXPSWLRQRI+212GXULQJWKH
 KRXUV GXUDWLRQ RI WKH H[SHULPHQWV DGGLWLRQ RI +212ZDV QRUPDOO\ UHSHDWHG DW OHDVW
WZLFHWRPDLQWDLQWKHOHYHORI2+UDGLFDOVDQGDOVRWKHFRQYHUVLRQRI52
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12 UHDFWLRQV 7HVW H[SHULPHQWV RQ D SHQWDQRODLU PL[WXUH VKRZHG WKDW ORVVHV RI WKH
FRPSRXQG WR WKH ZDOO RI WKH UHDFWRU RU YLD SKRWRO\VLV ZHUH QHJOLJLEOH FRPSDUHG WR WKH
PHDVXUHGGHFD\RISHQWDQROGXULQJWKHH[SHULPHQWV
7KHH[SHULPHQWDOFRQGLWLRQVHPSOR\HGDUHOLVWHGLQ$QQH[%7DEOH%
 5HVXOWV
*&3,’DQG+3/&DQDO\VLVRIWKHSURGXFWVIRUPHGRQLUUDGLDWLRQRI+212SHQWDQRODLU
PL[WXUHV VKRZHG WKH IRUPDWLRQ RI SHQWDQDO EXWDQDO SURSDQDO HWKDQDO DQG IRUPDOGHK\GH
DPRQJ WKHSURGXFWV7\SLFDO*&3,’FKURPDWRJUDPV IRU WKH UHDFWLRQRISHQWDQRO2+
UDGLFDOVDUHVKRZQLQ)LJXUH
,QDGGLWLRQDSURGXFWKDVEHHQWHQWDWLYHO\LGHQWLILHGDVK\GUR[\SHQWDQRQHRQWKHEDVLVRI
DFRPSDULVRQRILWV+3/&UHWHQWLRQWLPHDQGLWVLQIUDUHGVSHFWUXPZLWKWKDWRIWKHDXWKHQWLF
FRPSRXQG 9DSRXU VDPSOHV RI K\GUR[\SHQWDQRQH ZHUH LQWURGXFHG LQWR WKH HYDFXDWHG
FKDPEHU E\ LQMHFWLQJ NQRZQ DPRXQWV RI OLTXLG VDPSOHV RI WKH FRPPHUFLDOO\ DYDLODEOH
FRPSRXQG LQWR D VWUHDP RI 1
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 HQWHULQJ WKH FKDPEHU 7KH LQIUDUHG VSHFWUD WKXV DFTXLUHG
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 FRQYHUVLRQ RI WKH ⁄ K\GUR[\ FDUERQ\O WR
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IURP WKH DXWKHQWLF VDPSOH ZDV XVHG WR VXEWUDFW LWV ,5 IHDWXUHV IURP WKH PL[HG
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EHIRUH LUUDGLDWLRQ
DIWHU  PLQ LUUDGLDWLRQ
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%XWDQDOSURSDQDOHWKDQDODQG+&+2FRXOGDOVREHIRUPHGLQVHFRQGDU\UHDFWLRQVRIVRPHRI
WKHSULPDU\DOGHK\GLFSURGXFWV+RZHYHUXQGHUWKHFRQGLWLRQVHPSOR\HGLQWKHH[SHULPHQWV
WKH FRQWULEXWLRQ IURP VHFRQGDU\ UHDFWLRQV LV SUREDEO\ YHU\ PLQRU :LWK WKH KLJK 12
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FRQFHQWUDWLRQVHPSOR\HGLQWKHH[SHULPHQWVWKHPDLQIDWHRIWKHDON\OSHUR[\UDGLFDOVIRUPHG
LQ WKHGHJUDGDWLRQUHDFWLRQVRI WKHKLJKHUDOGHK\GHVZLOOEH IRUPDWLRQRI WKHFRUUHVSRQGLQJ
VWDEOHSHUR[\DF\OQLWUDWHDQGQRWDORZHUDOGHK\GH
7RGHULYHWKHIRUPDWLRQ\LHOGVRIWKHDOGHK\GLFSURGXFWVWKHLUPHDVXUHGFRQFHQWUDWLRQVKDGWR
EHFRUUHFWHGIRUIXUWKHUUHDFWLRQZLWK2+UDGLFDOVSKRWRO\VLVDQGGLOXWLRQORVVHV&RUUHFWLRQV
ZHUH SHUIRUPHG XVLQJ WKH SURFHGXUH >@ GHVFULEHG LQ VHFWLRQ  5DWH FRHIILFLHQWV IRU
UHDFWLRQRI2+UDGLFDOVZLWK WKH DOGHK\GLFSURGXFWVZHUH WDNHQ IURP WKH OLWHUDWXUH >@
7KH IROORZLQJYDOXHVRIN
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£K\GUR[\DONR[\UDGLFDOLVFDOFXODWHGWRDFFRXQWIRURIWKHRYHUDOOUHDFWLRQRISHQWDQRO
WKLVLPSOLHVWKDWLWVUHDFWLRQZLWK2

ZLOOEHYHU\PLQRUDQGWKHGHFRPSRVLWLRQSDWKZD\VZLOO
GRPLQDWH ,W LV QRW SUHVHQWO\ SRVVLEOH WR DVFHUWDLQZKHWKHU RU QRW K\GUR[\SHQWDQRQH LV
EHLQJIRUPHG
7KH⁄K\GUR[\DONR[\UDGLFDO⁄LQ6FKHPHIRUPHGDIWHUWKH+DWRPDEVWUDFWLRQIURPWKH
†&+

† JURXS DW WKH ⁄ SRVLWLRQ FDQ XQGHUJR DV VKRZQ LQ 6FKHPH  UHDFWLRQ ZLWK 2

FKDQQHODWRIRUPK\GUR[\SHQWDQRQHGHFRPSRVLWLRQFKDQQHOVE•DQGE••\LHOGLQJHLWKHU
HWKDQDO DQG &+
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2+ RU K\GUR[\ EXWDQDO DQG WKH PHWK\O UDGLFDO DQGRU

LVRPHULVDWLRQ FKDQQHO F E\ DQ +DWRP DEVWUDFWLRQ IURP D †&+

† JURXS WKURXJK D
VL[PHPEHUHGWUDQVLWLRQVWDWH
,VRPHULVDWLRQ RI WKLV ⁄ K\GUR[\ DONR[\ UDGLFDO WR XOWLPDWHO\ IRUP K\GUR[\ SHQWDQDO DIWHU
VXEVHTXHQW+DEVWUDFWLRQE\2

LVSUHGLFWHGWREHLWVGRPLQDQWSDWKZD\ZLWKDQLVRPHULVDWLRQ
UDWHN
LVRP
 ï V >@+HQFH2

 UHDFWLRQRI WKLV⁄K\GUR[\DONR[\ UDGLFDOZLWKD
UHFRPPHQGHG UDWH FRQVWDQW

2
N    ï  FP PROHFXOH V DQG GHFRPSRVLWLRQ ZLWK DQ
HVWLPDWHGUDWHFRQVWDQWN
G
 ïVDUHWKHUHIRUHH[SHFWHGWREHRIPLQRULPSRUWDQFH
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6FKHPH  5HDFWLRQV RI WKH ¤ K\GUR[\ DONR[\ UDGLFDO WKLV UDGLFDO DFFRXQWV IRU DQ HVWLPDWHG  RI
WKH RYHUDOO UHDFWLRQ RI SHQWDQRO ZLWK 2+
7RGDWHWKHUHDUHQRGLUHFWH[SHULPHQWDOGDWDFRQFHUQLQJWKHUHODWLYHLPSRUWDQFHRIWKHDERYH
GHVFULEHGUHDFWLRQSDWKZD\VRIWKLV⁄K\GUR[\DONR[\UDGLFDO,W LVRILQWHUHVWWRQRWHWKDWWKH
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2+DONR[\UDGLFDO⁄LQ6FKHPHLVLGHQWLFDOWRWKDWIRUPHGDIWHUD
+ VKLIW LVRPHULVDWLRQ RI WKH SHQWR[\ UDGLFDO KRZHYHU YHU\ IHZ GDWD H[LVW RQ WKH
LVRPHULVDWLRQRIDONR[\UDGLFDOVIRUPHGIURPDONDQHV$WNLQVRQHWDO >@DQG.ZRNHWDO
>@LQVWXGLHVRQWKH2+LQLWLDWHGUHDFWLRQRIQSHQWDQHREVHUYHGWKHIRUPDWLRQRIJHQHULF⁄
K\GUR[\FDUERQ\OFRPSRXQGVXVLQJDGLUHFWDLUVDPSOLQJDWPRVSKHULFSUHVVXUHLRQLVDWLRQPDVV
VSHFWURPHWU\WHFKQLTXH7KRXJKWKHVHUHVXOWVSURYHWKHLVRPHULVDWLRQRISRVVLEO\ERWKDONR[\
UDGLFDOVSHQWR[\DQGSHQWR[\WKH\FDQQRWSURYLGHDQ\FOHDUHYLGHQFHIRUWKHRFFXUUHQFHRI
DIXUWKHULVRPHULVDWLRQSDWKZD\RIWKH&+

&+2&+

&+

&+

2+DONR[\UDGLFDOLQWHUPHGLDWH
VLQFHLWKHIUDFWLRQRISHQWR[\UDGLFDOIRUPHGIURP2+UDGLFDOUHDFWLRQRIQSHQWDQHLVYHU\
$WPRVSKHULF R[LGDWLRQ RI DOFRKROV

PLQRU FRPSDUHG WR WKDW RI SHQWR[\ UDGLFDO LL K\GUR[\ SHQWDQDO DQG K\GUR[\
SHQWDQRQH FDQ DOVR UHVXOW IURP WKH 2

 UHDFWLRQ DQG LVRPHULVDWLRQ UHVSHFWLYHO\ RI WKH ⁄
K\GUR[\DONR[\UDGLFDOIRUPHGIURPLVRPHULVDWLRQRISHQWR[\UDGLFDOLLLLQWKHVHVWXGLHV>
@LWZDVQRWSRVVLEOHWRGLVWLQJXLVKEHWZHHQWKHWZRGLIIHUHQW⁄K\GUR[\FDUERQ\OVVLQFHWKH\
ERWK SURGXFH LGHQWLFDO &$’ VSHFWUD 0606 ZLWK FROOLVLRQDFWLYDWHG GLVVRFLDWLRQ VSHFWUD
DQG KHQFH LW ZDV QRW SRVVLEOH WR HVWDEOLVK WKH UHODWLYH LPSRUWDQFH RI WKH2

 UHDFWLRQ DQG
LVRPHULVDWLRQIRUERWK⁄K\GUR[\DONR[\UDGLFDOV
7KH H[SHULPHQWDO SURGXFW GDWD RI WKLV ZRUN VXJJHVW WKH RFFXUUHQFH RI D GHFRPSRVLWLRQ
SDWKZD\ IRU WKH ⁄ K\GUR[\ DONR[\ UDGLFDO ⁄ LQ 6FKHPH  IRUPLQJ HWKDQDO $V QRWHG LQ
6FKHPH  HWKDQDO FDQ DOVR EH IRUPHG IURP WKH GHFRPSRVLWLRQ RI WKH
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2+ UDGLFDO%DVHG RQ WKH PHDVXUHG \LHOG RI  IRU SURSDQDO WKH
PRODU\LHOGRIHWKDQDOIURPWKHFKDQQHOE••LQ6FKHPHFDQQRWH[FHHGa>VHHDERYHWKH
GLVFXVVLRQRQWKH£K\GUR[\DONR[\UDGLFDO@6LQFH WKHREVHUYHG WRWDO\LHOGRIHWKDQDO LV
WKLVSRLQWVWRWKHH[LVWHQFHRIDWOHDVWWZRVRXUFHVIRUWKLVFRPSRXQG’HFRPSRVLWLRQRIWKH
⁄K\GUR[\DONR[\UDGLFDO⁄LQ6FKHPHFRXOGDOVROHDGWRWKHIRUPDWLRQRIHWKDQDO,IWKHUH
DUHQRDGGLWLRQDOVRXUFHVRIHWKDQDOLQWKHH[SHULPHQWDOV\VWHPWKHQWKLVFKDQQHOFKDQQHOE•
LQ6FKHPHZRXOGDFFRXQW IRU WKH UHPDLQLQJHWKDQDO DQGZRXOGDOVR FRQVWLWXWH WKH
PDLQUHDFWLRQFKDQQHOIRUWKH⁄K\GUR[\DONR[\UDGLFDO
7KHSRVVLELOLW\RIWKHH[LVWHQFHRIDQRWKHUGHFRPSRVLWLRQFKDQQHOFKDQQHOE••LQ6FKHPH
OHDGLQJWRDPHWK\OUDGLFDODQGK\GUR[\EXWDQDOFDQQRWEHH[FOXGHGEHFDXVHRIWKHODFNRIDQ
DXWKHQWLFVDPSOHRIWKHFRPSRXQGWKLVGHFRPSRVLWLRQSDWKZD\LVKRZHYHUH[SHFWHGWREHRI
PLQRU UHOHYDQFH EHFDXVH RI WKH ORZHU VWDELOLW\ RI WKH PHWK\O UDGLFDO FRPSDUHG WR
&+
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
2+ >@ 2Q WKH EDVLV RI WKH VLPLODULW\ RI LWV +3/& UHWHQWLRQ WLPH DQG LWV
LQIUDUHGVSHFWUXPZLWKWKDWRIDQDXWKHQWLFVDPSOHDSURGXFWKDVEHHQWHQWDWLYHO\LGHQWLILHGDV
K\GUR[\SHQWDQRQH 7KLV SURGXFW FDQ EH IRUPHG IURP WKH UHDFWLRQ RI 2

 ZLWK WKH ⁄
K\GUR[\ DONR[\ UDGLFDO ⁄ LQ 6FKHPH  +RZHYHU GXH WR D ODFN RI DQ\ DQDO\WLFDO
FKDUDFWHULVDWLRQGDWD IRU K\GUR[\SHQWDQDO DQGEHFDXVHRI WKHSUREDEOH VLPLODULW\ RI WKHVH
GDWD ZLWK WKRVH DYDLODEOH IRU K\GUR[\SHQWDQRQH ERWK EHLQJ ⁄ K\GUR[\ FDUERQ\O
FRPSRXQGVLWFDQQRWFRPSOHWHO\EHH[FOXGHGWKDWWKHREVHUYHGSURGXFWLVK\GUR[\SHQWDQDO
,WLVHYLGHQWIURPWKHDERYHGLVFXVVLRQWKDWWKHDQDO\VHVFDUULHGRXWLQWKLVZRUNFDQQRWJLYH
GHILQLWLYHLQIRUPDWLRQRQWKHUHODWLYHLPSRUWDQFHRIWKHGHFRPSRVLWLRQLVRPHULVDWLRQDQG2

UHDFWLRQ FKDQQHOV RI WKH ⁄ K\GUR[\ DONR[\ UDGLFDO 7KHUH LV KRZHYHU HYLGHQFH WKDW WKH
GHFRPSRVLWLRQ FKDQQHO PLJKW GRPLQDWH 7KH SRVVLEOH GLVDJUHHPHQW EHWZHHQ WKH SUHVHQW
SURGXFW VWXG\ DQG WKH HVWLPDWLRQ SUHGLFWLRQV FRQFHUQLQJ WKH IDWH RI WKH ⁄ K\GUR[\ DONR[\

UDGLFDO⁄LQ6FKHPHKLJKOLJKWVWKHQHHGWRSHUIRUPPRUHH[SHULPHQWVRQV\VWHPVZKHUH
UHDFWLRQVRIWKH⁄K\GUR[\DONR[\UDGLFDOZLOOGRPLQDWHWKHSURGXFWGLVWULEXWLRQ
,QVXPPDU\WKHFDUERQ\OSURGXFWVLGHQWLILHGDQGTXDQWLILHGLQWKLVZRUNDFFRXQWIRU±
& RI WKH RYHUDOO 2+ UDGLFDO UHDFWLRQ ZLWK SHQWDQRO :KHQ WKH RUJDQLF QLWUDWH \LHOG LV
LQFOXGHGWKHREVHUYHGSURGXFWVDFFRXQWIRU±&
)URPWKHUHVXOWVDQGWKHFRQVLGHUDWLRQVSUHVHQWHGDERYH LW LVSURSRVHG IRU WKHSXUSRVHVRI
PRGHOOLQJR[LGDQWIRUPDWLRQLQXUEDQDLUPDVVHVWKDWWKHDWPRVSKHULFFKHPLVWU\RISHQWDQRO
FDQEHUHSUHVHQWHGE\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,QWKHGHULYDWLRQRIWKHDERYHHTXDWLRQLQRUGHUWRREWDLQDPDVVEDODQFHVOLJKWO\PRUH
VLJQLILFDQFHKDVEHHQDWWULEXWHGWRWKHDWWDFNRIWKH2+UDGLFDODWWKH¡SRVLWLRQRIWKHDOFRKRO
WKDQWKDWIRXQGIURPWKHH[SHULPHQWDOUHVXOWVDQGWKHSRVVLEOHRFFXUUHQFHRIWKHLVRPHULVDWLRQ
SDWKZD\RIWKH¢K\GUR[\DONR[\UDGLFDOWRIRUPGLK\GUR[\SHQWDQRQHKDVEHHQLQFOXGHG
)XUWKHU D PRODU IRUPDWLRQ \LHOG RI  KDV EHHQ DVVXPHG IRU K\GUR[\SHQWDQRQH DV
HVWLPDWHG IURP WKH FRQFHQWUDWLRQ RI WKH UHIHUHQFH )7,5 VSHFWUXP DQG LW KDV DOVR EHHQ
DVVXPHGWKDWWKHIDWHRIWKH&+
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2+UDGLFDOLVWKHUHDFWLRQZLWK2

WRJLYHK\GUR[\
SURSDQDO
$WPRVSKHULF R[LGDWLRQ RI DOFRKROV

 $WPRVSKHULFGHJUDGDWLRQRIEXWDQRO
7KH SURGXFW VWXGLHV RQ WKH JDVSKDVH R[LGDWLRQ RI EXWDQRO ZHUH FDUULHG RXW LQ WKH
(83+25( RXWGRRU SKRWRUHDFWRU LQ 9DOHQFLD6SDLQ LQ 0DUFK  7KH R[LGDWLRQ RI
EXWDQROZDV LQLWLDWHGE\UHDFWLRQZLWK2+UDGLFDOVJHQHUDWHGE\WKHSKRWRO\VLVRI+212
SUHSDUHGDVGHVFULEHG LQ$QQH[’7HVWH[SHULPHQWVRQDEXWDQRODLUPL[WXUH VKRZHG WKDW
ORVVHV RI WKH FRPSRXQG WR WKH ZDOO RI WKH SKRWRUHDFWRU RU YLD SKRWRO\VLV ZHUH QHJOLJLEOH
FRPSDUHG WR WKH PHDVXUHG GHFD\ RI EXWDQRO GXULQJ WKH H[SHULPHQWV $ IHZ SUHSDUDWRU\
H[SHULPHQWVZHUHDOVRSHUIRUPHGLQWKH"UHDFWRULQ:XSSHUWDO
7KHH[SHULPHQWVFRQGLWLRQVHPSOR\HGDUHOLVWHGLQ$QQH[%7DEOH%
 5HVXOWV
*&3,’DQG+3/&DQDO\VLVRI WKHSURGXFWV IRUPHGRQ LUUDGLDWLRQRI+212EXWDQRODLU
PL[WXUHV VKRZHG WKH IRUPDWLRQ RI EXWDQDO SURSDQDO HWKDQDO DQG IRUPDOGHK\GH DPRQJ WKH
GHJUDGDWLRQSURGXFWV7\SLFDO*&3,’FKURPDWRJUDPV IRU WKH UHDFWLRQRIEXWDQRO2+
UDGLFDOVDUHVKRZQLQ)LJXUH
,QDGGLWLRQDSURGXFWHOXWHGDWRUYHU\FORVHWRWKHUHWHQWLRQWLPHRIK\GUR[\EXWDQRQH
:KLOHWKH+3/&UHWHQWLRQWLPHRIWKLVSURGXFWFORVHO\PDWFKHGWKDWRIDQDXWKHQWLFVWDQGDUG
RIK\GUR[\EXWDQRQH WKH UHVLGXDO DEVRUSWLRQV LQ WKH)7,5SURGXFW VSHFWUDRI LUUDGLDWHG
+212EXWDQRODLU PL[WXUHV FRXOG QRW HDVLO\ EH FRPSDUHG ZLWK WKRVH RI WKH DXWKHQWLF
VWDQGDUGEHFDXVHRIWKHZHDNUHVLGXDOVLJQDOVDQGWKHKLJKDPRXQWVRIZDWHU LQ WKHVSHFWUD
%DVHGRQWKH+/3&DQDO\VLVDQGWKHSRVVLEOHUHDFWLRQFKDQQHOVLWLVEHOLHYHGWKDWWKLVSURGXFW
REVHUYHG E\ +3/& LV K\GUR[\EXWDQRQH 7KH +3/& UHVSRQVH IDFWRU † +3/& SHDN
DUHDFRQFHQWUDWLRQ†XVHGWRTXDQWLI\WKLVSURGXFWZDVREWDLQHGZLWKDQDXWKHQWLFVWDQGDUG
3URSDQDO HWKDQDO DQG+&+2 FRXOG DOVR EH IRUPHG LQ VHFRQGDU\ UHDFWLRQV RI VRPH RI WKH
SULPDU\DOGHK\GLFSURGXFWV+RZHYHUXQGHUWKHFRQGLWLRQVHPSOR\HGLQWKHH[SHULPHQWVWKH
FRQWULEXWLRQ IURP VHFRQGDU\ UHDFWLRQV LV SUREDEO\ YHU\ PLQRU :LWK WKH KLJK 12
[
FRQFHQWUDWLRQVHPSOR\HGLQWKHH[SHULPHQWVWKHPDLQIDWHRIWKHDON\OSHUR[\UDGLFDOVIRUPHG
LQ WKHGHJUDGDWLRQUHDFWLRQVRI WKHKLJKHUDOGHK\GHVZLOOEH IRUPDWLRQRI WKHFRUUHVSRQGLQJ
VWDEOHSHUR[\DF\OQLWUDWHDQGQRWDORZHUDOGHK\GH

%87$12/
UW  PLQ
%87$12/
UW  PLQ
%87$1$/
UW  PLQ
3523$1$/
UW  PLQ(7+$1$/
UW  PLQ
EHIRUH LUUDGLDWLRQ
DIWHU  PLQ LUUDGLDWLRQ
)LJXUH  *&3,' FKURPDWRJUDPV REWDLQHG IURP D +212EXWDQRODLU PL[WXUH EHIRUH LUUDGLDWLRQ
DERYH DQG DIWHU  PLQ LUUDGLDWLRQ
7RGHWHUPLQHWKHSURGXFWIRUPDWLRQ\LHOGVWKHVHFRQGDU\UHDFWLRQVRIWKHDOGHK\GLFSURGXFWV
† UHDFWLRQ ZLWK 2+ UDGLFDOV SKRWRO\VLV DQG GLOXWLRQ ORVVHV † ZHUH WDNHQ LQWR DFFRXQW DV
GHVFULEHGE\7XD]RQHWDO>@VHHVHFWLRQ5DWHFRHIILFLHQWVIRUUHDFWLRQRI2+UDGLFDOV
ZLWKWKHDOGHK\GLFSURGXFWVZHUHWDNHQIURPWKHOLWHUDWXUH>@7KHIROORZLQJYDOXHVRIN
2+
LQXQLWVRIFPPROHFXOHVZHUHXVHGEXWDQDO±>@SURSDQDO±
>@ DQG HWKDQDO ±  >@ 3KRWRO\VLV IUHTXHQFLHV IRU WKH DOGHK\GHVN
K­
ZHUH WDNHQ
IURPWKHOLWHUDWXUH>@7KHPHDQRI-12

PHDVXUHGGXULQJWKHH[SHULPHQWVZDVXVHGDVDQ
LQGLFDWRURIWKHOLJKWLQWHQVLW\LQRUGHUWRVHOHFWWKHIUHTXHQFLHV7KHIROORZLQJYDOXHVRIN
K­
LQ
$WPRVSKHULF R[LGDWLRQ RI DOFRKROV

)LJXUH  3ORWV RI EXWDQDO SURSDQDO
DQG HWKDQDO XQFRUUHFWHG v DQG
FRUUHFWHG w IRU UHDFWLRQ ZLWK 2+
UDGLFDOV DQG SKRWRO\VLV VHH WH[W
DJDLQVW WKH DPRXQW RI EXWDQRO
FRQVXPHG
XQLWVRIVZHUHHPSOR\HGEXWDQDO±SURSDQDO±DQGHWKDQDO±

7KH FRUUHFWLRQ IDFWRUV [ ]FRUU5+2
W
[ ]PHDV5+2
W
ZHUH≤ IRU EXWDQDO≤ IRU SURSDQDO DQG
≤ IRU HWKDQDO 7KH HVWLPDWHG RYHUDOO XQFHUWDLQWLHV LQ WKH2+ UHDFWLRQ UDWH FRHIILFLHQW RI
EXWDQRODQGLQWKHUDWHFRHIILFLHQWVIRUWKHUHDFWLRQZLWK2+DQGSKRWRO\VLVRIWKHSURGXFWV
OHGWRPD[LPXPXQFHUWDLQWLHVLQWKHFRUUHFWLRQIDFWRUVRI±IRUWKHIRUPDWLRQRIEXWDQDO
±IRUWKHIRUPDWLRQRISURSDQDODQG±IRUWKHIRUPDWLRQRIHWKDQDO
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 ï  FP PROHFXOH V >WKLV ZRUN@ 7KLV PDNHV
SKRWRUHDFWRUFKDPEHUVWXGLHVRIWKHSURGXFWVGLIILFXOWEHFDXVHRIWKHORQJWLPHFRHIILFLHQWVRI
WKH H[SHULPHQWV UHTXLUHG WR FRQYHUW VXIILFLHQW UHDFWDQW DPRXQWV QHFHVVDU\ IRU DQ DFFXUDWH
SURGXFWDQDO\VLV7KXVWKHIDVWHUUHDFWLRQZLWKFKORULQHDWRPVZDVHPSOR\HGDVDVXUURJDWHWR
PLPLF WKH 2+ UDGLFDO LQGXFHG DWPRVSKHULF R[LGDWLRQ RI PHWK\O SURSLRQDWH DQG GLPHWK\O
VXFFLQDWH$OWKRXJKUHDFWLRQRI92&ZLWK&ODWRPVLVVRPHZKDWOHVVVHOHFWLYHWKDQZLWK2+
UDGLFDOVWKHVXEVHTXHQWFKHPLVWU\LVWKHVDPHDQGWKXVLW LVDFRQYHQLHQWPHWKRGWRHPXODWH
2+UDGLFDOLQLWLDWHGFKHPLVWU\7KHFKORULQHDWRPLQLWLDWHGR[LGDWLRQRIPHWK\OSURSLRQDWHDQG
GLPHWK\OVXFFLQDWHZDVSHUIRUPHGXQGHUDWPRVSKHULFFRQGLWLRQVLQWKHSUHVHQFHRI12[LQWKH
"UHDFWRULQ:XSSHUWDO
,Q WKHIROORZLQJVHFWLRQDJHQHUDOGHJUDGDWLRQPHFKDQLVPIRUERWKHVWHUVZLOOEH LOOXVWUDWHG
DQG DIWHUZDUG WKH H[SHULPHQWDO UHVXOWV ZLOO EH SUHVHQWHG DQG GLVFXVVHG IRU WKH LQGLYLGXDO
HVWHUV
 *HQHUDOPHFKDQLVWLFFRQVLGHUDWLRQVRQWKH
GHJUDGDWLRQRIHVWHUV
$V VHHQ IURP WKH PROHFXODU VWUXFWXUH PHWK\O SURSLRQDWH
FRQWDLQVWKH†&+&22&+HQWLW\ZKLFKLVDOVRSUHVHQWLQWKH
GLEDVLF HVWHU GLPHWK\O VXFFLQDWH WKHUHIRUH LW LV SRVVLEOH WR
UHSUHVHQWERWKHVWHUVZLWKWKHJHQHUDOIRUPXOD5†&+&22&+
ZKHUH 5   &+ LQ WKH FDVH RI PHWK\O SURSLRQDWH DQG
5 &+2&2&+LQWKHFDVHRIGLPHWK\OVXFFLQDWH

7KH DWPRVSKHULF R[LGDWLRQ RI HVWHUV LV LQLWLDWHG E\ WKH UHDFWLRQ ZLWK 2+ UDGLFDOV ZKLFK
SURFHHGV YLD +DWRP DEVWUDFWLRQ IURP WKH YDULRXV †&+

 DQG †&+

† JURXSV 8QGHU
DWPRVSKHULF FRQGLWLRQV WKH DON\O UDGLFDOV ,D ,E LQ 6FKHPH  UHDFW ZLWK R[\JHQ WR JLYH
SHUR[\UDGLFDOV,,D,,E3HUR[\UDGLFDOVUHDFWZLWK1212
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+2

DQGRWKHUSHUR[\UDGLFDOV
LQWKHDWPRVSKHUH>@5HDFWLRQZLWK12GRPLQDWHVLQSROOXWHGDLUDQGSURFHHGVYLDWZR
FKDQQHOVJLYLQJDONR[\UDGLFDOV,,,D,,,EDVPDMRUDQGRUJDQLFQLWUDWHVDVPLQRUSURGXFWV
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6FKHPH  5HDFWLRQ VFKHPH IRU WKH 2+ UDGLFDO&O DWRP LQLWLDWHG R[LGDWLRQ RI 5²&+&22&+
HVWHUV +DWRP DEVWUDFWLRQ IURP WKH −&+− DQG −&+ JURXSV
• +DWRPDEVWUDFWLRQIURPWKHWHUPLQDOPHWK\OJURXSDWWKHHWKHUHQGXOWLPDWHO\\LHOGVWKH
5†&+

&22&+

2 DONR[\ UDGLFDO ,,,D LQ 6FKHPH  7KLV DONR[\ UDGLFDO XQGHUJRHV
6FKHPHDQ¡HVWHUUHDUUDQJHPHQWUHDFWLRQILUVWREVHUYHGE\7XD]RQHWDO >@IRUHWK\O
DFHWDWH LQZKLFK DQ K\GURJHQ DWRPRQ WKH DONR[\ FDUERQPLJUDWHV WR WKH FDUERQ\O R[\JHQ
$WPRVSKHULF R[LGDWLRQ RI HVWHUV

DVVRFLDWHGZLWKWKHHVWHUIXQFWLRQDOLW\WKURXJKDILYHPHPEHUHGWUDQVLWLRQVWDWH7KLVUHVXOWVLQ
WKHIRUPDWLRQRIWKHDFLG5†&+
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6FKHPH  $WPRVSKHULF IDWH RI 5²&+&22&+2 DONR[\ UDGLFDO IRUPHG DIWHU +DWRP DEVWUDFWLRQ
IURP WKH ²&22&+ HQWLW\ RI 5²&+&22&+ HVWHUV
7KHRYHUDOOUHDFWLRQ
5†&+

&22&+

2 5†&+

&22++&  2 U
LV FDOFXODWHG >@ WR EH H[RWKHUPLF E\a  N-PRO DQG WKH SRWHQWLDO LQWHUPHGLDWH UDGLFDO
5†&+

&  2+2&2+LVFDOFXODWHGWREHPRUHVWDEOHWKDQWKH5†&+

&22&+

2DONR[\
UDGLFDOE\WKHGLIIHUHQFHLQWKH2†+DQG&†+ERQGGLVVRFLDWLRQHQHUJLHVRIaN-PRO
>@+RZHYHUWKHSUHVXPHGILYHPHPEHUHGWUDQVLWLRQVWDWHLVH[SHFWHGWRKDYHDVLJQLILFDQW
ULQJ VWUDLQ RI a  N-PRO >@ DQG LW LV QRW FOHDU ZKHWKHU WKH UHDFWLRQ SURFHHGV YLD WKH
LQWHUPHGLDU\RIWKH5†&+

&  2+2&2+UDGLFDORUDVDFRQFHUWHGSURFHVV
7KH 5†&+

&2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2 ,,,D LQ 6FKHPH  UDGLFDO FDQ UHDFW ZLWK 2

 \LHOGLQJ WKH
DQK\GULGH 5†&+

&22&2+ ,Q 6FKHPH  WKH SRVVLEOH GHFRPSRVLWLRQ SDWKZD\
SURFHHGLQJE\&†2ERQGFOHDYDJHWRWKH5†&+

&22UDGLFDODQG+&+2KDVEHHQRPLWWHG
3UHYLRXVVWXGLHVRIWKHDWPRVSKHULFIDWHVRIVWUXFWXUDOO\DQDORJRXVDONR[\UDGLFDOVGHULYHGIURP
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
2&2&+

&+

&+

&22&+

>@VXSSRUWWKDWGHFRPSRVLWLRQRI5†&+
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2LVRIQHJOLJLEOHLPSRUWDQFH
• +DWRP DEVWUDFWLRQ IURP WKH †&+

&22† HQWLW\ SURGXFHV YLD WKH UHDFWLRQ VHTXHQFH
RXWOLQHGLQ6FKHPHWKH5†&+2&22&+

DONR[\UDGLFDO,,,ELQ6FKHPH
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LVRPHULVDWLRQ SURGXFWV
6FKHPH  $WPRVSKHULF IDWH RI 5²&+2&22&+ DONR[\ UDGLFDOV IRUPHG DIWHU +DWRP
DEVWUDFWLRQ IURP WKH ²&+&22² HQWLW\ RI 5²&+&22&+ HVWHUV
L 5HDFWLRQ ZLWK R[\JHQ FKDQQHO D IRUPLQJ WKH FDUERQ\O FRPSRXQG 5†&2&22&+


LL’HFRPSRVLWLRQYLD&†&ERQGFOHDYDJHZKLFKFDQSURFHHGE\ WZRFKDQQHOV FKDQQHOVE•
DQGE••ERWKSURGXFLQJDQDOGHK\GLFSURGXFWDQGDUDGLFDOLLL$+VKLIWLVRPHULVDWLRQLI
SRVVLEOH YLD D VL[PHPEHUHG WUDQVLWLRQ VWDWH \LHOGLQJ GLIIHUHQWPXOWLIXFWLRQDO SURGXFWV 7KH
UHODWLYHLPSRUWDQFHRIWKHVHUHDFWLRQSDWKZD\VIRU5†&+2&22&+

DONR[\UDGLFDOVZLOOEH
GLVFXVVHGVHSDUDWHO\IRUPHWK\OSURSLRQDWHDQGGLPHWK\OVXFFLQDWHRQWKHEDVLVRIWKHUHVXOWV
IURPWKHSUHVHQWSURGXFWVWXGLHV
)RU FRPSOHWHQHVV LW KDV WR EH QRWHG WKDW LQ WKH FDVH RI PHWK\O SURSLRQDWH
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HQWLW\ LV DOVR SRVVLEOH 7KH DONR[\ UDGLFDO +†&+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 WKHQ IRUPHG KDV DQ
DWPRVSKHULF IDWH VLPLODU WR WKDW RI WKH5†&+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 DONR[\ UDGLFDO GHVFULEHG DERYH
LHUHDFWLRQZLWK2

DQGGHFRPSRVLWLRQ
$WPRVSKHULF R[LGDWLRQ RI HVWHUV

 $WPRVSKHULFGHJUDGDWLRQRIPHWK\OSURSLRQDWH
$OO WKH H[SHULPHQWV RQ WKH JDVSKDVH R[LGDWLRQ RI PHWK\O SURSLRQDWH &+
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ZHUHSHUIRUPHG LQ WKH" UHDFWRU LQ:XSSHUWDO7KHR[LGDWLRQRIPHWK\OSURSLRQDWHZDV
LQLWLDWHGE\ WKH UHDFWLRQZLWK&O DWRPVJHQHUDWHGE\SKRWRO\VLVRIPROHFXODU FKORULQH LQ WKH
SUHVHQFHRI127RWHVWIRUKHWHURJHQHRXVDQGRUSKRWRO\WLFORVVHVRIPHWK\OSURSLRQDWHDQG
LWVR[LGDWLRQSURGXFWV WZRFRQWUROH[SHULPHQWVZHUHSHUIRUPHG)LUVWPHWK\OSURSLRQDWHDLU
PL[WXUHVZHUHOHIWWRVWDQGLQWKHGDUNDQGZHUHWKHQVXEMHFWHGWR89LUUDGLDWLRQIRUXSWR
PLQ WKHUH ZDV QR REVHUYDEOH ORVV  RI PHWK\O SURSLRQDWH 6HFRQG SURGXFW PL[WXUHV
REWDLQHGE\WKH89LUUDGLDWLRQRIPHWK\OSURSLRQDWH&O

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DLUPL[WXUHVZHUHOHIWWRVWDQGLQ
WKHGDUNFKDPEHUIRUPLQ7KHUHZDVQRREVHUYDEOHORVVRIDQ\SURGXFWV
7KHH[SHULPHQWDOFRQGLWLRQVHPSOR\HGDUHOLVWHGLQ$QQH[%7DEOH%
 5HVXOWV
%\YLUWXHRI WKHLU FKDUDFWHULVWLF ,5 VSHFWUDSURSLRQLF IRUPLF DQK\GULGHSURSLRQLFDFLG&2
PHWK\O S\UXYDWH HWKDQDOPHWKR[\ IRUP\OSHUR[\QLWUDWH IRUPDOGHK\GH DQGPHWK\O JO\R[\ODWH
ZHUHLGHQWLILHGDPRQJWKHGHJUDGDWLRQSURGXFWVRIPHWK\OSURSLRQDWH
0HWK\O JO\R[\ODWH LV QRW DYDLODEOH FRPPHUFLDOO\ $Q LQIUDUHG VSHFWUXP RIPHWK\O JO\R[\ODWH
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 WR JLYH PHWK\O JO\R[\ODWH
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 UDGLFDO RU LVRPHULVDWLRQ WR JLYH
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2+ LV RI OLWWOH RU QR
LPSRUWDQFH 7KH PHWK\O JO\R[\ODWH VSHFWUXP ZDV WKHUHIRUH FDOLEUDWHG E\ DVVXPLQJ D 
SKRWRO\WLF FRQYHUVLRQ RI PHWK\O EURPRDFHWDWH WR PHWK\O JO\R[\ODWH )RU FRPSOHWHQHVV
H[SHULPHQWV ZHUH SHUIRUPHG LQ ZKLFK R]RQH ZDV DGGHG WR PHWK\O FURWRQDWH
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@7KHPHWK\OJO\R[\ODWHVSHFWUXPZDV
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LQIUDUHGDEVRUSWLRQFURVVVHFWLRQVREWDLQHGIRUPHWK\OJO\R[\ODWHIURPWKHVHH[SHULPHQWVZHUH
ZLWKLQ ±  RI WKRVH REWDLQHG IURP WKH SKRWRO\VLV RI PHWK\O EURPRDFHWDWH WKXV JLYLQJ
DGGLWLRQDOFRQILGHQFHLQWKHFDOLEUDWLRQRIWKHPHWK\OJO\R[\ODWHUHIHUHQFHVSHFWUXP
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)LJXUH  )RUPDWLRQ RI SURSLRQLF IRUPLF DQK\GULGH FLUFOHV SURSLRQLF DFLG WULDQJOHV PHWK\O
JO\R[\ODWH VWDUV DQG PHWK\O S\UXYDWH VTXDUHV YHUVXV ORVV RI PHWK\O SURSLRQDWH REVHUYHG IROORZLQJ
WKH &O DWRP LQLWLDWHG R[LGDWLRQ RI PHWK\O SURSLRQDWH LQ DLU LQ WKH SUHVHQFH RI 12[ 7KH PHWKR[\
IRUP\O SHUR[\ QLWUDWH GDVKHV GDWD SORW VKRZV FXUYDWXUH 7KLV LV FDXVHG E\ FKDQJHV LQ WKH 1212
UDWLR GXULQJ WKH H[SHULPHQW VHH WH[W
)LJXUH  VKRZV WKH REVHUYHG IRUPDWLRQ RI SURSLRQLF IRUPLF DQK\GULGH SURSLRQLF DFLG
PHWK\OS\UXYDWHDQGPHWK\OJO\R[\ODWHYHUVXV ORVVRIPHWK\OSURSLRQDWH7KH OLQHDULW\RI WKH
SURSLRQLF IRUPLF DQK\GULGH SURSLRQLF DFLGPHWK\O S\UXYDWH DQGPHWK\O JO\R[\ODWH SURGXFW
SORWV LQ )LJXUH  VXJJHVWV WKDW WKHVH VSHFLHV DUH IRUPHG DV SULPDU\ SURGXFWV GXULQJ WKH
R[LGDWLRQ RI PHWK\O SURSLRQDWH DQG DUH QRW ORVW WR DQ\ VLJQLILFDQW H[WHQW E\ VHFRQGDU\
UHDFWLRQV/HDVWVTXDUHVDQDO\VLVRIWKHVHGDWDJDYHWKHSURGXFW\LHOGVOLVWHGLQ7DEOH
$WPRVSKHULF R[LGDWLRQ RI HVWHUV

7DEOH  0RODU \LHOGV RI WKH SURGXFWV REVHUYHG LQ WKH &O DWRP LQLWLDWHG R[LGDWLRQ RI PHWK\O
SURSLRQDWH LQ WKH SUHVHQFH RI 12[
3URGXFW )RUPDWLRQ\LHOG
3URSLRQLFIRUPLFDQK\GULGH
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0RODU SURGXFW \LHOGV RI ±  DQG ±  JLYHQ LQ 7DEOH  IRU &2 DQG
HWKDQDO UHVSHFWLYHO\ UHIHU WR WKH HDUO\ VWDJH RI WKH UHDFWLRQ ZKHQ VHFRQGDU\ SURFHVVHV FDQ
ODUJHO\EHQHJOHFWHG,QWKHFDVHRIIRUPDOGHK\GHVHFRQGDU\IRUPDWLRQDQGUHPRYDOSURFHVVHV
RFFXUULQJ LQ WKH V\VWHP XQGHU WKH H[SHULPHQWDO FRQGLWLRQV HPSOR\HG PDGH D UHOLDEOH
GHWHUPLQDWLRQRILWVPRODUIRUPDWLRQ\LHOGGLIILFXOW
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WRDERXWFDUERQVDWRPV)XUWKHUPRUHWKHDGGLWLRQRIIXUWKHU&+

JURXSVWRWKHDON\OFKDLQ
RI WKHDOFRKROSURGXFHVDQ LQFUHDVH LQ WKHUHDFWLYLW\RI WKHPROHFXOH WRZDUG2+ ODUJHU WKDQ
WKDWIRXQGIRU&+

JURXSDGGLWLRQLQWKHFRUUHVSRQGLQJXQVXEVWLWXWHGDONDQHV,QDQDWWHPSW
WRTXDQWLI\WKLVLQFUHDVHLQWHUPVRIWKHDON\OFKDLQOHQJWKRYHUZKLFKWKLVHIIHFWLVRSHUDWLYH
UDWH FRHIILFLHQW FRQWULEXWLRQV IRU+DWRP DEVWUDFWLRQ IURP WKH QDON\O JURXSV DWWDFKHG WR D
†&+

 DQG WR WKH †2+ LQ WKH DOFRKROV KDYH EHHQ FDOFXODWHG 7KH GLIIHUHQFH EHWZHHQ WKH
HVWLPDWHGUDWHFRHIILFLHQWFRQWULEXWLRQVIRU+DWRPDEVWUDFWLRQIURPWKHDON\OJURXS5LQWKH
WZRFRPSRXQGVLVNLQ7DEOH
7DEOH  &DOFXODWHG UDWH FRHIILFLHQW GLIIHUHQFHV N LQ XQLWV RI  FP PROHFXOH V EHWZHHQ
QDONDQHV DQG DOFRKROV IRU 2+ UDGLFDO DWWDFN DW WKH OLQHDU DOLSKDWLF FKDLQ 5
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D &DOFXODWHG IURP 2+ UDWH FRHIILFLHQW GDWD IRU DONDQHV >@ PLQXV FRQWULEXWLRQ IURP D WHUPLQDO &+
JURXS >N&+   N2+  &+@
E 5DWH FRHIILFLHQW GDWD IRU DOFRKROV >@ $EVWUDFWLRQ IURP ²2+ LV DVVXPHG WR EH QHJOLJLEOH
F N  N5²2+ ² N5²&+
)XQFWLRQDO JURXS UHDFWLYLW\
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)LJXUHVKRZVDSORWRIWKHNYDOXHVGHWHUPLQHGLQ7DEOHDVDIXQFWLRQRIWKHQXPEHU
RI&+

JURXSV:KHQWKHDGGLWLRQRID&+

JURXSWRWKHFKDLQKDVWKHVDPHHIIHFWDVWKDWLQ
WKHQDONDQHVWKHSORWVKRXOGUHDFKDSODWHDX7KHJUDSKVKRZVWKDWWKHDFWLYDWLQJHIIHFWRIWKH
2+IXQFWLRQDOJURXSH[WHQGVXSWRFDUERQDWRPVLQWKHDOFRKROFKDLQ7KHVOLJKWFXUYDWXUH
H[KLELWHGE\WKHSORWXSWR&

LQGLFDWHVWKDWWKHDFWLYDWLQJHIIHFWJUDGXDOO\OHVVHQVRQLQFUHDVLQJ
WKHQXPEHURI&+

JURXSVLQWKHDON\OFKDLQDVWKHFKDLQOHQJWKLQFUHDVHVWKHLQFUHDVHRIWKH
UHDFWLYLW\RIWKHDOFRKROVKRXOGHYHQWXDOO\UHDFKWKDWIRXQGLQWKHXQVXEVWLWXHGDONDQHV
%DVHGRQ WKHNLQHWLFGDWD UHSRUWHG LQ7DEOH:DOOLQJWRQ HW DO >@ DQG1HOVRQ HW DO >@
SURSRVHGD·ORQJUDQJHDFWLYDWLQJHIIHFWµWKHRU\DVLQWHUSUHWDWLRQRIWKLVHQKDQFHGUHDFWLYLW\RI
WKH DOFRKROV 7KH2+ IXQFWLRQDO JURXS ZDV VXJJHVWHG WR KDYH DQ DFWLYDWLQJ HIIHFW IRU WKH
UHDFWLRQZLWK2+UDGLFDOVZKLFKH[WHQGVRYHUDERXWFDUERQDWRPVWKH&+

JURXSVLQWKH&

WR &

 SRVLWLRQ ZRXOG WKHQ KDYH VLPLODU UHDFWLYLWLHV ZKLFK DSSHDU WR EH DERXW D IDFWRU RI 
KLJKHULQWKHDOFRKROVWKDQLQWKHFRUUHVSRQGLQJDONDQHV7KH·ORQJUDQJHDFWLYDWLQJHIIHFWµRI
WKH2+JURXS LV KRZHYHU XQH[SHFWHG LQ WHUPVRI WKHUPRFKHPLFDO GDWD VLQFH WKH DYDLODEOH
ERQGGLVVRFLDWLRQHQHUJLHVLQGLFDWHDQ\GHFUHDVHLQWKH&†+ERQGVWUHQJWKVKRXOGEHOLPLWHG
WRWKH¡FDUERQDWRPV>@6LPLODUO\LWLVXQOLNHO\WKDWLQGXFWLYHHIIHFWVFDQRSHUDWHRYHUVXFK
DODUJHQXPEHURIFDUERQDWRPV+HQFHWKHLQFUHDVHGUHDFWLYLW\PXVWUHVXOWIURPVRPHRWKHU
PHFKDQLVWLFHIIHFW LQGLFDWLQJSRVVLEO\DQDOWHUQDWLYHUHDFWLRQSDWKZD\WRWKHGLUHFWFRQFHUWHG
+DWRPDEVWUDFWLRQSURFHVVREVHUYHGIRUQDONDQHV$FRUUHODWLRQEHWZHHQ WKH UHDFWLYLWLHVRI
2+UDGLFDOV DQG&O DWRPV IRU WKHLU UHDFWLRQZLWK DOFRKROVPLJKWEH H[SHFWHG VLQFH WKH\ DUH
HOHFWURSKLOLFVSHFLHVDQGERWKUHDFWLRQVLQYROYH+DWRPDEVWUDFWLRQ$VGLVFXVVHGIRUWKH2+
UHDFWLRQVWKHDEVWUDFWLRQRI+DWRPVERXQGWRDQ¡FDUERQDWRPLVHQKDQFHGUHODWLYHWRWKH
)LJXUH  NNYDOXHV IURP 7DEOH  YV
WKH QXPEHU RI &+ JURXSV LQ WKH
DOLSKDWLF FKDLQ

FRUUHVSRQGLQJQDONDQHWKLVLVDOVRWUXHIRUWKH&OUHDFWLRQV+RZHYHUIRUWKHUHDFWLRQRI&O
DWRPVZLWKDOFRKROVWKHREVHUYHGLQFUHDVHVLQUHDFWLYLW\GXHWRDGGLWLRQRIIXUWKHU&+

JURXSV
WRWKHDON\OFKDLQDUHWKRVHH[SHFWHGRQWKHEDVLVRIWKH&+

JURXSUDWHFRHIILFLHQWVGHULYHG
IURPUHDFWLRQVRI&ODWRPZLWKXQVXEVWLWXWHGDONDQHVN
&O
 ×FPPROHFXOHV>@
7DEOH  +HQFH LQ FRQWUDVW WR WKH2+ UDGLFDO UHDFWLRQ IRU &O DWRP UHDFWLRQV WKH2+
JURXSGRHVQRWDSSHDUWRDFWLYDWH&†+ERQGVRWKHUWKDWDWWKH&DWRPGLUHFWO\ERQGHGWRWKH
IXQFWLRQDOJURXS,WLVSRVVLEOHWKDW&ODWRPUHDFWLRQVDUHVXIILFLHQWO\IDFLOHWKDWDQ\ORQJUDQJH
HIIHFW RQ WKH UHDFWLYLW\ PD\ EH VPDOO DQG QRW HDVLO\ LGHQWLILHG +RZHYHU WKH NLQHWLF GDWD
LQGLFDWH WKDW +DWRP DEVWUDFWLRQ IURP DOFRKROV E\ 2+ UDGLFDOV DQG &O DWRPV PD\ EH D
PHFKDQLVWLFDOO\GLIIHUHQWSURFHVV,WKDVEHHQSURSRVHG>@WKDWWKHHQKDQFHGUHDFWLYLW\
REVHUYHG LQ UHDFWLRQVRI2+ZLWK DOFRKROVPD\EH GXH WR WKH VWDELOLVDWLRQRI WKH WUDQVLWLRQ
VWDWHV IRU WKH UHDFWLRQV UHVXOWLQJ IURP WKH LQWHUDFWLRQ RI WKH DWWDFNLQJ2+ UDGLFDO ZLWK WKH
DOFRKRO IXQFWLRQDO JURXS WKURXJKK\GURJHQERQGLQJ7KXV UHDFWLRQRI2+UDGLFDOVZLWK DQ
+DWRP DW WKH ¡ FDUERQ DWRP RI DQ DOFRKRO ZRXOG LQYROYH D ILYHPHPEHUHG ULQJ ZKLOH
K\GURJHQDEVWUDFWLRQIURP¢DQG£FDUERQVDWRPVZRXOGJLYHULVHWRVL[DQGVHYHQPHPEHUHG
ULQJWUDQVLWLRQVWDWHVUHVSHFWLYHO\,QWHUPVRIULQJVWUDLQDQGHQWURS\LWLVOLNHO\WKDWWKHILYH
DQGVL[PHPEHUHGULQJVWUXFWXUHIRUUHDFWLRQDWWKH¡DQG¢FDUERQDWRPZLOOSURYLGHDKLJKHU
GHJUHHRIVWDELOLVDWLRQWKDQWKHVHYHQPHPEHUHGULQJIRUPHGE\DEVWUDFWLRQDWWKH£FDUERQ
3URGXFWVWXGLHV>WKLVZRUN@RQWKHGHJUDGDWLRQPHFKDQLVPRIDOFRKROVVWURQJO\
VXSSRUWWKDWWKHPDLQUHDFWLRQSDWKZD\LQYROYHVD+DWRPDEVWUDFWLRQIURPWKHFDUERQDWWKH
¡SRVLWLRQDQGWKHUHDFWLRQSDWKZD\VLQYROYLQJWKH+DWRPDEVWUDFWLRQIURP&+

JURXSVDWWKH
¢£HWFSRVLWLRQVGHFUHDVHLQLPSRUWDQFHZLWKLQFUHDVLQJGLVWDQFHIURPWKHIXQFWLRQDOJURXS
7KH ILQDOSURGXFWGLVWULEXWLRQ DQG WKH2+ UHDFWLRQ UDWH FRHIILFLHQWV DOORZ WKH GHULYDWLRQRI
JURXS UDWH FRHIILFLHQWV IRU WKH GLIIHUHQW &+

 JURXSV SUHVHQW LQ WKH PROHFXOH 7KH UHVXOWV
VXJJHVW WKDW WKH2+IXQFWLRQDOJURXSPDLQO\HQKDQFHV WKHDFWLYLW\ DOPRVW H[FOXVLYHO\RI WKH
FDUERQLQ¡DQG¢SRVLWLRQV WR WKH†2+JURXSDQGWKDW WKHRWKHUFDUERQV VKRZDUHDFWLYLW\
VLPLODUWRWKDWREVHUYHGIRUWKHDONDQHV7KXVWKHDGGLWLRQRIIXUWKHU&+

JURXSV†XSWRILYH
FDUERQV†WRWKHDOFRKROFKDLQDSSHDUVWRIDYRXUE\ LQGXFWLYHHOHFWURQGRQDWLQJHIIHFW WKH
UHDFWLYLW\RIWKHFDUERQLQWKH¡DQG¢SRVLWLRQVWRWKH†2+JURXS
)XQFWLRQDO JURXS UHDFWLYLW\

 (VWHU
,QDQDWWHPSWWRGUDZVRPHJHQHUDOFRQFOXVLRQVDERXWWKHVWUXFWXUHUHDFWLYLW\UHODWLRQVKLSIRU
HVWHUVUDWHFRHIILFLHQWVIRUWKHUHDFWLRQRI2+UDGLFDOVZLWKDVHULHVHVWHUVKDVEHHQFRPSDUHG
LQWKHIROORZLQJGLVFXVVLRQZLWKWKRVHRIWKHFRUUHVSRQGLQJQDON\OHWKHUVDQGNHWRQHVZKLFK
DUHWKHFRPSRQHQWIXQFWLRQDOJURXSVRIHVWHUV
7DEOH  &DOFXODWHG FRQWULEXWLRQ LQ XQLWV RI  FP PROHFXOH V RI WKH DON\O JURXSV 5 LQ DONDQHV
HWKHUV DQG HVWHUV WR WKH RYHUDOO UHDFWLRQ UDWH FRHIILFLHQW ZLWK 2+ UDGLFDOV
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D &DOFXODWHG IURP 2+ UDWH FRHIILFLHQW GDWD IRU DONDQHV PLQXV WKH FRQWULEXWLRQ IURP D WHUPLQDO &+
JURXS N&+ N2+&+ >@
E &DOFXODWHG DV N2+52²5 >@
F &DOFXODWHG IURP 2+ UDWH FRHIILFLHQW GDWD IRU &+&22²5 PLQXV WKH FRQWULEXWLRQ IURP &+&22²
JURXS N&+&22²   ï  FP PROHFXOH V > @
7KH FRQWULEXWLRQRIQDON\O JURXSV 5 WR WKH RYHUDOO UDWH FRHIILFLHQWVZLWK2+ UDGLFDOV KDV
EHHQ FDOFXODWHG IRU DONDQHV HWKHUV DQG HVWHUV7KH JURXS UDWH FRHIILFLHQWV GHULYHG IURP WKH
OLWHUDWXUHDUHOLVWHGLQ7DEOH7KHVLJQLILFDQWFKDQJHVLQUHDFWLYLW\RI†&+

DQG†&+

&+

JURXSVERQGHGGLUHFWO\ WR WKH R[\JHQDWHG IXQFWLRQDO JURXSV FRPSDUHG WR WKHLU UHDFWLYLW\ LQ
HWKDQHDQGSURSDQHUHVSHFWLYHO\FDQEHUDWLRQDOLVHGDWOHDVWLQSDUWLQWHUPVRIFKDQJHVLQWKH
&†+ERQG HQHUJLHV DW FDUERQ DWRPV SRVLWLRQHG ¡ WR DQ HWKHU R[\JHQ WKXV WKH LQFUHDVH LQ
UHDFWLYLW\RIWKH†&+

LQ&+

†2†&+

UHODWLYHWRWKDWLQHWKDQHLVLQOLQHZLWKDORZHULQJRIWKH
&†+ERQGGLVVRFLDWLRQHQHUJ\RIDSSUR[LPDWHO\N-PRO’&+

&+

†+ ±N-PRO
DQG ’&+

2&+

†+    N- PRO >@ 0RYLQJ WR ORQJHU QDON\O FKDLQV WKH UDWH
FRHIILFLHQWV SHU †&+

† JURXS DUH IRXQG WR EH VLJQLILFDQWO\ KLJKHU LQ WKH HWKHUV WKDQ LQ WKH
FRUUHVSRQGLQJ DONDQHV 7DEOH  7KH DFWLYDWLQJ HIIHFW RI WKH HWKHU JURXS RSHUDWLYH RYHU
DERXW IRXU FDUERQ DWRPV FDQQRW KRZHYHU EH H[SODLQHG LQ WHUPV RI ERQG HQHUJLHV RU
LQGXFWLYHHIIHFWVDQGVXJJHVWVDQDOWHUQDWLYHUHDFWLRQSDWKZD\WRWKHGLUHFWFRQFHUWHGK\GURJHQ
DEVWUDFWLRQ SURFHVV REVHUYHG IRU DONDQHV ,W KDV EHHQ SURSRVHG > @ WKDW WKLV
HQKDQFHPHQWRIWKHJURXSUHDFWLYLW\WRZDUG2+PD\EHGXHWRWKHVWDELOLVDWLRQRIWUDQVLWLRQ

VWDWHV UHVXOWLQJ IURP WKH FRRUGLQDWLRQRI WKH DWWDFNLQJ2+ UDGLFDOZLWK WKH HWKHU JURXS ,W
DSSHDUV IURP WKH GDWD VHW SUHVHQWHG LQ 7DEOH  WKDW HVWHU &+&22† VXEVWLWXHQW DOVR
DFWLYDWHVDOLSKDWLFFKDLQVERXQGWRWKHHWKHUR[\JHQZLWKUHVSHFWWR2+UDGLFDOVLQDPDQQHU
VLPLODU WR WKH HWKHU 52†KRZHYHU WKH VLJQLILFDQW UHGXFWLRQ LQ WKH UHDFWLYLW\RI WKH DONR[\
JURXS LQ WKH HVWHUV FRPSDUHG WR WKDW LQ HWKHUV LV SUHVXPDEO\ D UHVXOW RI WKH GHDFWLYDWLQJ
LQGXFWLYHHIIHFWRIWKHHVWHUFDUERQ\ODGMDFHQWWRWKHDONR[\JURXS
7KH FRQWULEXWLRQRIQDON\O JURXSV 5 WR WKH RYHUDOO UDWH FRHIILFLHQWVZLWK2+ UDGLFDOV KDV
EHHQFDOFXODWHG IRUDONDQHVNHWRQHVDQG PHWK\O HVWHUV7KHJURXS UDWH FRHIILFLHQWV GHULYHG
IURPWKHOLWHUDWXUHDUHOLVWHGLQ7DEOH
7DEOH  &DOFXODWHG FRQWULEXWLRQ LQ XQLWV RI  FP PROHFXOH V RI WKH QDON\O JURXSV 5 LQ
DONDQHV NHWRQHV DQG PHWK\O HVWHUV WR WKH RYHUDOO UHDFWLRQ UDWH FRHIILFLHQW ZLWK 2+ UDGLFDOV
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D &DOFXODWHG IURP 2+ UDWH FRHIILFLHQW GDWD IRU DONDQHV PLQXV WKH FRQWULEXWLRQ IURP D WHUPLQDO &+
JURXS N&+  ÃN2+  &+ >@
E &DOFXODWHG DV  ÃN2+  &+&2&+ >@
F &DOFXODWHG DV  ÃN2+  &+&+&2&+&+ >@
G N²2&2&+   DV GHULYHG IURP WKH UHVXOWV RI D SURGXFW VWXG\ RQ 2+ UHDFWLRQ ZLWK HWK\O
DFHWDWH >@
H &DOFXODWHG DV N2+  &+2&2&+&+ ² N&+2&2² ZKHUH N&+2&2²   DV GHULYHG
IURP N 2+  &+2&2&+ ² N²2&2&+ 
5DWKHUVXUSULVLQJO\LQNHWRQHVWKHFDUERQ\OIXQFWLRQDOJURXS&+&2†DSSHDUVWRKDYHOLWWOH
HIIHFWRQWKHUHDFWLYLW\RIWKH†&+DQG†&+&+JURXSVWKHUDWHFRHIILFLHQWVIRUUHDFWLRQRI
2+ ZLWK HWKDQH DQG DFHWRQH DQG ZLWK SURSDQH DQG SURSDQRQH DUH YHU\ VLPLODU >@
>N2+  HWKDQH N2+  DFHWRQH N2+  SURSDQH N2+  SURSDQRQH LQXQLWVRI
 FP PROHFXOH V@7KLV UHVXOWPD\ EH H[SHFWHG LQ WHUPV RI ERQG GLVVRFLDWLRQ HQHUJLHV
VLQFH WKH &†+ ERQG VWUHQJWKV LQ DFHWRQH DQG HWKDQH DQG SURSDQRQH DQG SURSDQH DUH
DSSUR[LPDWHO\HTXDO>@+RZHYHUWKHFDUERQ\OJURXSLVVWURQJO\HOHFWURQZLWKGUDZLQJDQG
KHQFH UHDFWLRQ RI WKH HOHFWURSKLOLF 2+ UDGLFDO ZLWK NHWRQHV PLJKW EH H[SHFWHG WR EH
FRQVLGHUDEO\OHVVIDFLOHWKDQZLWKDONDQHV,WLVLQVWUXFWLYHWRFRPSDUHWKHUHDFWLYLW\RINHWRQHV
WRZDUGV &O DWRPV ZLWK WKDW RI DONDQHV LQ SDUWLFXODU WKH UDWH FRHIILFLHQW IRU UHDFWLRQ RI &O
DWRPVZLWKDFHWRQHLVDURXQGIRXUWLPHVVPDOOHUWKDQWKDWZLWKHWKDQH>@3UHVXPDEO\WKLV
GHFUHDVHLQUHDFWLYLW\LVGXHWRWKHGHFUHDVHLQHOHFWURQGHQVLW\RQWKHPHWK\OK\GURJHQDWRPV
)XQFWLRQDO JURXS UHDFWLYLW\

LQDFHWRQHGXHWRWKHQHJDWLYHLQGXFWLYHHIIHFWRIWKHHOHFWURQZLWKGUDZLQJFDUERQ\OJURXS2Q
WKLVEDVLVLWZRXOGEHH[SHFWHGWKDWWKHUHDFWLRQRI2+UDGLFDOVZLWK&+

&2&+

ZRXOGDOVR
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WKHLU UHDFWLRQ ZLWK 2+ UDGLFDOV E\ WKH VWDELOLVDWLRQ RI WKH WUDQVLWLRQ VWDWH LQYROYLQJ D FR
RUGLQDWLRQ RI WKH HOHFWURSKLOLF K\GUR[\O UDGLFDO ZLWK WKH FDUERQ\O NHWRQH JURXS 6XFK
VWDELOLVDWLRQRIWKHWUDQVLWLRQVWDWHYLDK\GURJHQERQGLQJ LVQRWSRVVLEOH LQ&ODWRPUHDFWLRQV
DQGWKLVDFFRXQWVIRUWKHREVHUYDWLRQWKDWWKHUHDFWLRQRI&OZLWKDFHWRQHLVVLJQLILFDQWO\VORZHU
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JURXSVERQGHGWRWKHFDUERQ\OJURXSLQHVWHUVDQGWKRVHLQNHWRQHVUHYHDOVWKDWWKHFDUERQ\O
IXQFWLRQDO JURXS LQ WKH HVWHUV FRQWUDU\ WR ZKDW LV REVHUYHG IRU NHWRQHV KDV D VWURQJ
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$WPRVSKHULFLPSOLFDWLRQV
,WKDVEHHQUHFRJQLVHGIRUWKHODVWILIW\\HDUVWKDWHDFKLQGLYLGXDORUJDQLFFRPSRXQGPD\KDYH
DGLIIHUHQWTXDQWLWDWLYH LPSDFWRQSKRWRFKHPLFDOR]RQH IRUPDWLRQ >@ DQGKHQFH WKDW WKH
DSSOLFDWLRQ RI R[LGDQW FRQWURO VWUDWHJLHV UHTXLUHV VWULQJHQW HPLVVLRQ UHGXFWLRQV IRU KLJKO\
UHDFWLYH 92&V DQG UHSODFHPHQW SURJUDPPHV E\ ORZUHDFWLYLW\ RUJDQLFV >@ 7KLV LQ WXUQ
OHDGVWRDUHTXLUHPHQWIRUDUDWLRQDODVVHVVPHQWRI92&UHDFWLYLW\†UROHDQGFRQWULEXWLRQRI
LQGLYLGXDO 92& WR R]RQH DQG VHFRQGDU\ SKRWRR[LGDQW IRUPDWLRQ † DV D EDVLV IRU FRQWURO
GHFLVLRQV
7KH DWPRVSKHULF IDWH RI SULPDU\ DOLSKDWLF DOFRKROV DQGPHWK\O HVWHUV DSSHDUV WR EH ODUJHO\
FRQWUROOHGE\ WKHLU UHDFWLRQZLWK WKH2+ UDGLFDO VLQFH SKRWRO\VLV DQG UHDFWLRQZLWK2
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6FKHPH  6FKHPDWLF UHSUHVHQWDWLRQ RI WKH IUHH UDGLFDO LQLWLDWHG R[LGDWLRQ RI D 92& LQWR LWV ILUVW
JHQHUDWLRQ FDUERQ\O SURGXFWV LQ WKH SUHVHQFH RI 12[ DQG WKH DVVRFLDWHG IRUPDWLRQ R]RQH

:KHUHDVWKHUDWHVRIUHDFWLRQZLWK2+JRYHUQWKHOLIHWLPHVDQGR[LGDWLRQUDWHVRI92&VWKH
UHDFWLRQVRIWKHSHUR[\UDGLFDOV52
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FKHPLVWU\E\
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 DQG WKXV FDXVHDQ LQFUHDVH LQR]RQH IRUPHG IURP WKHSKRWRO\VLVRI
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
DQGWKHVXEVHTXHQWUHDFWLRQZLWKR[\JHQ
$OWKRXJK WKH2+ UDGLFDO UDWH FRHIILFLHQWV IRU EXWDQRO SHQWDQROPHWK\O SURSLRQDWH DQG
GLPHWK\O VXFFLQDWH >WKLV ZRUN 7DEOH @ DUH PXFK KLJKHU WKDQ WKH UDWH FRHIILFLHQW RI
ïFPPROHFXOHVIRUHWKDQH>@†WKHFRPSRXQGXVHGE\WKH86(QYLURQPHQWDO
3URWHFWLRQ$JHQF\(3$DVWKHLQIRUPDOVWDQGDUGIRUGHWHUPLQLQJ·QHJOLJLEOHµUHDFWLYLW\†RQ
D SHU PDVV EDVLV WKH UDWH FRHIILFLHQWV UHODWLYH WR HWKDQH DUH  DQG  IRU EXWDQRO
SHQWDQRO UHVSHFWLYHO\ DQG  DQG  IRU PHWK\O SURSLRQDWH DQG GLPHWK\O VXFFLQDWH
UHVSHFWLYHO\7KLVPHDQV WKDW LI WKH DPRXQW UHDFWHG LV TXDQWLILHG E\PDVV WKHQ WKH DOFRKROV
UHDFWUHODWLYHO\PRUHUDSLGO\LQWKHDWPRVSKHUHWKDQHWKDQHGRHVEXWWKHHVWHUVDUHRQO\VOLJKWO\
PRUH UHDFWLYH WKDQ HWKDQH LQ WKLV UHVSHFW +RZHYHU LW PD\ EH LQDSSURSULDWH WR DWWHPSW WR
GHULYHDVLQJOHUHDFWLYLW\VFDOHIRURUJDQLFFRPSRXQGVWKDWGHSHQGVRQO\RQKRZUDSLGO\WKH\
UHDFW VLQFH WKHLU DWPRVSKHULF UHDFWLYLW\ LQ WHUPV RI R]RQH IRUPDWLRQ SRWHQWLDO GHSHQGV
VLJQLILFDQWO\ RQ WKH QDWXUH RI UHDFWLRQ PHFKDQLVPV R[LGDWLRQ SURGXFWV DQG WKH W\SH RI
HQYLURQPHQWLQZKLFKWKHRUJDQLFVDUHHPLWWHG92&12
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• $OFRKROV 7KH H[SHULPHQWDO UHVXOWV LQ VHFWLRQV  DQG  LQGLFDWH WKDW WKH 2+ UDGLFDO
UHDFWLRQZLWKDOFRKROVSURFHHGVODUJHO\E\WKH+DWRPDEVWUDFWLRQIURPWKHVLWHDGMDFHQWWRWKH
K\GUR[\IXQFWLRQDOJURXSWKHIXUWKHUUHDFWLRQZLWK2
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SDUWLFLSDWHLQWKLVLQLWLDOR[LGDWLRQVWHS,QFRQWUDVW2+UDGLFDODWWDFNDWWKHSRVLWLRQ¢£DQG⁄
RI WKH WZR SULPDU\ DOFRKROV OHDGV WR IRUPDWLRQ RI SHUR[\ UDGLFDOV DQG WKHQ DONR[\ UDGLFDOV
ZKLFKVKRZWKHWHQGHQF\WRXQGHUJRPDLQO\WKHUPDOGHFRPSRVLWLRQDQGRULVRPHULVDWLRQLQ
WKHVH FDVHV D VHTXHQFH RI UHDFWLRQV LQYROYHV DGGLWLRQDO SHUR[\ UDGLFDOV DQG DGGLWLRQDO 12
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VHH6FKHPH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7KH ILUVW JHQHUDWLRQ R[LGDWLRQ SURGXFWV UHVXOWLQJ IURP DOO WKH UHDFWLRQ SDWKZD\V RI SULPDU\
DOFRKROVDUHPDLQO\DOGHK\GHVDQGWRDPLQRUH[WHQWK\GUR[\DOGHK\GHVK\GUR[\NHWRQHVDQG
K\GUR[\ DON\O QLWUDWHV ,W LV FOHDUO\ RI LQWHUHVW WR FRQVLGHU WKH SURSHQVLW\ RI WKH R[LGDWLRQ
SURGXFWVWRJHQHUDWHR]RQHQRWLQJKRZHYHUWKDW92&VDOVRDIIHFWR]RQHIRUPDWLRQLQGLUHFWO\
,I WKH UHDFWLRQV RI D92&HQKDQFHRU LQKLELWH RYHUDOO UDGLFDO OHYHOV LWZRXOG FRQVHTXHQWO\
DIIHFWKRZUDSLGO\DOORWKHU92&VSUHVHQWUHDFWDQGIRUPR]RQH:KLOHWKHSKRWRO\VLVRIWKH
DOGHK\GHV HVSHFLDOO\ RI IRUPDOGHK\GH KDV D SRVLWLYH HIIHFW RQ WKH R]RQH IRUPDWLRQ E\
VHFRQGDU\UDGLFDO IRUPDWLRQ WKHUHDFWLRQRI2+UDGLFDOVZLWK WKHDOGHK\GHV ≥&
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QLWUDWHV W\SLFDOO\ KDYH WKHUPDO GHFRPSRVLWLRQ OLIHWLPHV RI OHVV WKDQ  K >@ XQGHU WKH
FRQGLWLRQVLQWKHSODQHWDU\ERXQGDU\OD\HUEHIRUHUHJHQHUDWLRQRI12
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DQGIUHHUDGLFDOVE\WKH
UHYHUVHUHDFWLRQ7KHK\GUR[\NHWRQHSURGXFWVIRUPHGWRDPLQRUH[WHQWLQWKHGHJUDGDWLRQRI
EXWDQRO DQG SHQWDQRO DUH VOLJKWO\ OHVV UHDFWLYH WRZDUGV 2+ UDGLFDOV >@ WKDQ WKH
DOGHK\GHVDQGWKHLUSKRWRO\VLVLVDOVROHVVLPSRUWDQWWKDQIRUWKHDOGHK\GHVVXFKWKDWWKH\KDYH
DPLQRUVHFRQGDU\LQIOXHQFHRQR]RQHIRUPDWLRQ
7KHIRUPDWLRQRIWKHUPDOO\VWDEOHRUJDQLFQLWUDWHVE\WKHUHDFWLRQV52
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7KHRYHUDOODWPRVSKHULF
OLIHWLPHV RI WKH¢ £ DQG⁄ K\GUR[\ DON\O QLWUDWHV GXH WR SKRWRO\VLV DQG WR2+ UHDFWLRQ DUH
HVWLPDWHGWREHGD\V>@7KLVLPSOLHVWKDWWKHVHFRPSRXQGVPD\EHLPSRUWDQW12
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UHVHUYRLU VSHFLHV DQG FDQ VXUYLYH ORQJ UDQJH WUDQVSRUW WR UHJLRQV UHPRWH IURP WKH RULJLQDO
SROOXWLRQVRXUFHLQIOXHQFLQJUHJLRQDODQGSRVVLEO\JOREDOWURSRVSKHULFR]RQHSURGXFWLRQE\WKH
VXEVHTXHQW12
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 UHOHDVH+\GUR[\QLWUDWHV DUHKRZHYHUPLQRUSURGXFWVRI WKHR[LGDWLRQRI
EXWDQRODQGSHQWDQRODFFRXQWLQJIRURQO\DQHVWLPDWHGDQGUHVSHFWLYHO\RIWRWDO
ILUVWJHQHUDWLRQSURGXFWVDWKLJK12
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• (VWHUV7KHH[SHULPHQWDOSURGXFWGDWDRIWKHSUHVHQWVWXGLHV>VHHVHFWLRQDQG@KDYH
KHOSHG WR HOXFLGDWH VHYHUDO DVSHFWV RI WKH DWPRVSKHULF GHJUDGDWLRQ PHFKDQLVPV RI PHWK\O
SURSLRQDWHDQGGLPHWK\OVXFFLQDWH LQSDUWLFXODU WKH\KDYHSURYLGHGLQVLJKW LQWR WKHUHDFWLRQ
URXWHV RI WKH DONR[\ UDGLFDOV IRUPHG GXULQJ WKH DWPRVSKHULF R[LGDWLRQ RI WKHVH HVWHUV 7KH
LQWHUPHGLDWH DONR[\ UDGLFDOV DUH REVHUYHG WR XQGHUJR ZLWK GLIIHUHQW UHODWLYH LPSRUWDQFH
UHDFWLRQZLWKR[\JHQLVRPHULVDWLRQDQGRUGHFRPSRVLWLRQ
7KH EXON RI WKH SKRWRR[LGDWLRQ RI ERWK HVWHUV SURGXFHV PXOWLIXQFWLRQDO R[\JHQDWHG
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 LQWKHFDVHRIGLPHWK\OVXFFLQDWHZKLFKDOOKDYHD ORZHU
UHDFWLYLW\WRZDUGV2+UDGLFDOVWKDQWKHSDUHQWFRPSRXQGV,QSDUWLFXODUDQK\GULGHVDQGDFLGV
HVSHFLDOO\WKRVHZLWKORZHUPROHFXODUZHLJKWDUHKLJKO\VROXEOHFRPSRXQGVDQGPD\EHUDSLGO\
LQFRUSRUDWHGLQWRFORXGVGURSOHWVZKHUHK\GUDWLRQRIWKHDQK\GULGHVOHDGVWRDFLGIRUPDWLRQ
DQGUDLQHGRXWFRQWULEXWLQJWRWKHDFLGLW\RISUHFLSLWDWLRQ
7KH IRUPDWLRQRIRUJDQLFQLWUDWHV YLD SURFHVVHV VXFK DV52

12 LQ WKH GHJUDGDWLRQRI
PHWK\O SURSLRQDWH DQG GLPHWK\O VXFFLQDWH DUH SRRUO\ TXDQWLILHG DQG WKHLU RYHUDOO IRUPDWLRQ

\LHOGVFRXOGRQO\EHHVWLPDWHG$VGHVFULEHGDERYHRUJDQLFQLWUDWHVPD\SOD\DQLPSRUWDQWUROH
LQUHJLRQDODLUFKHPLVWU\GXHWRWKHLUUHODWLYHO\ORQJDWPRVSKHULFOLIHWLPHV
)LQDOO\ LQRUGHU WR HVWLPDWH WKH WHQGHQF\RI WKH LQYHVWLJDWHG FRPSRXQGV WRSURPRWHR]RQH
IRUPDWLRQ DOO WKH DVSHFWV RI WKHLU UHDFWLRQPHFKDQLVPVPXVW EH FRPELQHGZLWK WKH YDULRXV
FKDUDFWHULVWLFVRIWKHHQYLURQPHQWLQWRZKLFKWKH\DUHHPLWWHGLQFRPSXWHUPRGHOVLPXODWLRQV
• $OFRKROV7RGDWHWKHUHKDYHEHHQRQO\DIHZSXEOLVKHGVWXGLHVRQWKHDELOLW\RIDOFRKROVWR
JHQHUDWHR]RQH’HUZHQWHWDO>@HVWLPDWHGWKHLQFUHPHQWDOFKDQJHLQR]RQHSURGXFHG
E\DQDGGLWLRQDO LQFUHPHQWDOPDVV HPLVVLRQRI DOFRKROV LQ DSKRWRFKHPLFDO WUDMHFWRU\PRGHO
XVLQJ D UHDOLVWLF DLU PDVV WUDMHFWRU\ IRU UHJLRQDO VFDOH R]RQH IRUPDWLRQ DFURVV 1RUWKZHVW
(XURSH7KHSULPDU\DOFRKROVVKRZ3KRWRFKHPLFDO2]RQH&UHDWLRQ3RWHQWLDOYDOXHV>32&3 
R]RQHLQFUHPHQWZLWKWKHDOFRKROR]RQHLQFUHPHQWZLWKHWK\OHQHï@UDQJLQJIURPIRU
PHWKDQROWRIRUEXWDQRO1RWHWKDWHWKDQHUHJDUGHGDVXQUHDFWLYHVSHFLHVZLWKDQHJOLJLEOH
FRQWULEXWLRQWRUHJLRQDOVFDOHR]RQHIRUPDWLRQKDVD32&3RI>@7KHVHUHVXOWVKDYH
EHHQFRQILUPHGE\ UHFHQWPRGHOOLQJ VWXGLHVRI -HQNLQ HW DO >@ DQG$QGHUVVRQ6N|OG HW DO
>@RQWKHSKRWRFKHPLFDOR]RQHFUHDWLRQSRWHQWLDOVRIR[\JHQDWHGRUJDQLFFRPSRXQGVLQWKH
SODQHWDU\ERXQGDU\OD\HURYHU1RUWKZHVW(XURSH1RVSHFLILFDQGTXDQWLWDWLYHLQGLFDWLRQVRQ
WKHR]RQHLPSDFWZHUHIRXQGLQWKHOLWHUDWXUHIRUSHQWDQRO
• (VWHUV7KHUHDUHDQXPEHURIGLIIHUHQWZD\VWRGHILQHWKH92&HIIHFWVRQR]RQH6LPLODUWR
WKH32&3FRQFHSWLV·LQFUHPHQWDOUHDFWLYLW\µFULWHULRQGHYHORSHGE\&DUWHUDQG$WNLQVRQ>
@7KLVLVGHILQHGDVWKHDPRXQWRIDGGLWLRQDOR]RQHIRUPDWLRQUHVXOWLQJIURPWKHDGGLWLRQ
RIDVPDOODPRXQWRIWKHFRPSRXQGWRWKHV\VWHPLQZKLFKR]RQHLVIRUPHGGLYLGHGE\WKH
DPRXQWRIFRPSRXQGDGGHG&DUWHU >@UHSRUWHG WKH LQFUHPHQWDO UHDFWLYLWLHVFDOFXODWHGIRU
GLPHWK\OVXFFLQDWHUHODWLYHWRHWKDQHIRUYDULRXVVFHQDULRVUHSUHVHQWLQJGLIIHUHQWXUEDQR]RQH
H[FHHGHQFH DUHDV DURXQG WKH8QLWHG 6WDWHV >@ 7KH SUHGLFWHG R]RQH LPSDFW IRU GLPHWK\O
VXFFLQDWH UHODWLYH WR DQ HTXDO PDVV RI HWKDQH LV a  †  >@ WKH UHODWLYH UHDFWLYLW\
DSSHDUHGWREHRQO\VOLJKWO\DIIHFWHGE\YDULDWLRQV LQVFHQDULRVFRQGLWLRQVRUKRZR]RQHZDV
TXDQWLILHG 7KH HVWLPDWHG GLPHWK\O VXFFLQDWH PHFKDQLVP XVHG E\ &DUWHU >@ LQ WKHVH
DWPRVSKHULF VLPXODWLRQV GLIIHUV LQ VRPH UHVSHFWV VLJQLILFDQWO\ LQ WKH EUDQFKLQJ UDWLRV RI
FRPSHWLQJUHDFWLRQVRIWKHYDULRXVDONR[\UDGLFDOVIURPWKHPHFKDQLVPSURSRVHGKHUHRQWKH
EDVLVRIWKHH[SHULPHQWDOUHVXOWVRIWKHSURGXFWVWXG\
1R HVWLPDWHV RI WKH SRWHQWLDO HIIHFW RI PHWK\O SURSLRQDWH RQ R]RQH IRUPDWLRQ LQ XUEDQ
DWPRVSKHUHZHUHIRXQGLQWKHOLWHUDWXUH’HUZHQWHWDO>@UHSRUWHG32&3YDOXHVUHODWLYH
WR HWK\OHQH IRU D VHULHV RI HVWHUV LQFOXGLQJ PHWK\O IRUPDWH DQG WKH DFHWDWHV IURP PHWK\O
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(VWHUVVKRZHGORZDWPRVSKHULFUHDFWLYLW\ZLWK32&3VZKLFKLQ
VRPHFDVHVZHUHORZHUWKDQWKDWRIHWKDQHUHJDUGHGDVXQUHDFWLYHVSHFLHV
,QJHQHUDOWKHHVWLPDWHVRIWKHSRWHQWLDOHIIHFWRQR]RQHIRUPDWLRQFDOFXODWHGIRUDOFRKROVDQG
HVWHUV LQGLFDWHV WKDW R[\JHQDWHG HVSHFLDOO\ KLJKO\ R[\JHQDWHG 92&V WHQG WR EH LQHIILFLHQW
R]RQH SURGXFHUV 7KLV LV SDUWO\ EHFDXVH WKHUH DUH IHZHU R[LGDWLRQ VWHSV DYDLODEOH EHIRUH
FRPSOHWHR[LGDWLRQ WR&2

DQGSDUWO\EHFDXVH WKHSUHVHQFHRIR[\JHQ WHQGV WRGHFUHDVH WKH
UHDFWLYLW\WRZDUGV2+SHUXQLWPROHFXODUZHLJKW&RQVHTXHQWO\WKHFKHPLFDOSURSHUWLHVZKLFK
PDNH WKHP VXLWDEOH FDQGLGDWHV DV DOWHUQDWLYH VROYHQWV DQG UHODWLYHO\ KDUPOHVV FRPSRXQGV
UHJDUGLQJKHDOWKDOVRDSSHDUWREHDVVRFLDWHGZLWKORZSRWHQWLDOIRUR]RQHSURGXFWLRQ7KLVLV
SDUWLFXODUO\WKHFDVHIRUWKHHVWHUVZKLFKLQDGGLWLRQWREHLQJUHODWLYHO\XQUHDFWLYHLWVHOIKDYH
DOVR YHU\ XQUHDFWLYH R[LGDWLRQ SURGXFWV 7KHVH VSHFLHV DSSHDU WKHUHIRUH WR EH RI VRPH
SRWHQWLDO VLJQLILFDQFH IRU WKH UHSODFHPHQW DQG VXEVWLWXWLRQ RI PRUH UHDFWLYH RUJDQLF
FRPSRXQGVLQLQGXVWULDORUFKHPLFDOSURFHVVHVDQGDVVROYHQWV
6XPPDU\

  &KDSWHU
6XPPDU\
7KHGHFLVLRQZKHWKHU LW LV DSSURSULDWHDQGEHQHILFLDO IRU WKHHQYLURQPHQW WRGHSOR\ VSHFLILF
R[\JHQDWHG RUJDQLF FRPSRXQGV DV UHSODFHPHQWV IRU WUDGLWLRQDO VROYHQW W\SHV UHTXLUHV D
TXDQWLWDWLYH DVVHVVPHQW RI WKHLU SRWHQWLDO DWPRVSKHULF LPSDFWV LQFOXGLQJ WURSRVSKHULF R]RQH
DQGRWKHUSKRWRR[LGDQWIRUPDWLRQ7KLVLQYROYHVGHYHORSLQJFKHPLFDOPHFKDQLVPVIRUWKHJDV
SKDVH DWPRVSKHULF R[LGDWLRQ RI WKH FRPSRXQGV ZKLFK FDQ EH UHOLDEO\ XVHG LQ PRGHOV WR
SUHGLFW WKHLU DWPRVSKHULF UHDFWLYLW\ XQGHU D YDULHW\ RI HQYLURQPHQWDO FRQGLWLRQV 8QWLO WKLV
VWXG\ WKHUHZDVYHU\ OLWWOH LQIRUPDWLRQDYDLODEOHFRQFHUQLQJ WKHDWPRVSKHULF IDWHRIDOFRKROV
DQGHVWHUV7KHREMHFWLYHVRIWKLVVWXG\ZHUHWRPHDVXUHWKHDWPRVSKHULFUHDFWLRQUDWHVDQGWR
GHILQHDWPRVSKHULFUHDFWLRQPHFKDQLVPVIRUWKHIROORZLQJVHOHFWHGR[\JHQDWHGYRODWLOHRUJDQLF
FRPSRXQGV WKH DOFRKROV EXWDQRO DQG SHQWDQRO DQG WKH HVWHUV PHWK\O SURSLRQDWH DQG
GLPHWK\OVXFFLQDWH
7KHVWXG\KDVVXFFHVVIXOO\DGGUHVVHGWKHVHREMHFWLYHV
5HODWLYHUDWHFRHIILFLHQWVKDYHEHHQPHDVXUHG IRU WKH UHDFWLRQVRI WKHK\GUR[\O UDGLFDOVZLWK
EXWDQROSHQWDQROPHWK\OSURSLRQDWHDQGWKUHHGLEDVLFHVWHUVGLPHWK\OVXFFLQDWHGLPHWK\O
JOXWDUDWHDQGGLPHWK\ODGLSDWH7KHUDWHFRHIILFLHQWVLQXQLWVRIFPPROHFXOHVZHUHIRXQG
WREH±ïDQG±ïIRUEXWDQRODQGSHQWDQROUHVSHFWLYHO\
±ïIRUPHWK\OSURSLRQDWH±ï±ïDQG
±ïIRUGLPHWK\OVXFFLQDWHGLPHWK\OJOXWDUDWHDQGGLPHWK\ODGLSDWHUHVSHFWLYHO\,Q
DGGLWLRQ UDWH FRHIILFLHQWVKDYHEHHQDOVRPHDVXUHG IRU WKH UHDFWLRQVRI FKORULQH DWRPVZLWK
PHWK\OSURSLRQDWHDQGLWVPDMRUGHJUDGDWLRQSURGXFWV†SURSLRQLFIRUPLFDQK\GULGHSURSLRQLF
DFLGDQGPHWK\OS\UXYDWH†DQGZLWKWKHWKUHHGLEDVLFHVWHUV7KHSUHVHQWNLQHWLFGDWDLPSURYH
WKH UHOLDELOLW\ DQG SUHFLVLRQ RI WKH 2+ UDGLFDO DQG &O DWRP NLQHWLF GDWD EDVH UHTXLUHG WR
GHYHORS VWUXFWXUHUHDFWLYLW\ UHODWLRQVKLSV IRU2+ DQG&O UHDFWLRQZLWK92&V HVSHFLDOO\ IRU
R[\JHQDWHGFRPSRXQGVDQGWRSUHGLFWWKHLUWURSRVSKHULFOLIHWLPH
7KH WURSRVSKHULF GHJUDGDWLRQ RI DOFRKROV DQG HVWHUV LV LQLWLDWHG E\ UHDFWLRQ ZLWK K\GUR[\O
UDGLFDOV7KH2+UDGLFDODEVWUDFWVDK\GURJHQIURPD&†+JURXSDQGWKHDON\OUDGLFDOIRUPHG

UDSLGO\ DGGV2

 WR JHQHUDWH D SHUR[\ UDGLFDO 52

 ,Q WKH SUHVHQFH RI12 SHUR[\ UDGLFDOV
UHDFWZLWK12WRSURGXFHWKHFRUUHVSRQGLQJDONR[\UDGLFDOV52DQG12$ONR[\UDGLFDOV
DUHLPSRUWDQWLQWHUPHGLDWHVLQWKHDWPRVSKHULFR[LGDWLRQRIPRVWYRODWLOHRUJDQLFFRPSRXQGV
$ONR[\UDGLFDOVKDYHEHHQVKRZQWRXQGHUJRDYDULHW\RIGHJUDGDWLRQSDWKZD\V†UHDFWLRQZLWK
R[\JHQ XQLPROHFXODU GHFRPSRVLWLRQ RU LVRPHULVDWLRQ † UHVXOWLQJ LQ WKH FRPSOH[ EHKDYLRXU
H[KLELWHGLQWKHR[LGDWLRQRIRUJDQLFFRPSRXQGVXQGHUDWPRVSKHULFFRQGLWLRQV
3URGXFW LQYHVWLJDWLRQV RI WKH URRP WHPSHUDWXUH JDVSKDVH UHDFWLRQ RI 2+ UDGLFDOV ZLWK
EXWDQRO DQG SHQWDQRO LQ WKH SUHVHQFH RI 12[ KDYH EHHQ FDUULHG RXW LQ WKH RXWGRRU
(83+25( VPRJFKDPEHU IDFLOLW\ LQ9DOHQFLD6SDLQ7KHREVHUYHGR[LGDWLRQSURGXFWV DQG
WKHLUGLVWULEXWLRQKDYHDOORZHGWKHFRQVWUXFWLRQRIWKHILUVWH[SOLFLWGHJUDGDWLRQPHFKDQLVPRI
ORQJFKDLQ DOFRKROV 6HYHUDO LQWHUHVWLQJ JHQHUDO FRQFOXVLRQV FDQ EH GUDZQ DERXW WKH
DWPRVSKHULFIDWHRISULPDU\DOFRKROV
• WKH 2+ UDGLFDO UHDFWLRQ ZLWK SULPDU\ DOFRKROV SURFHHGV SULQFLSDOO\ E\ K\GURJHQ DWRP
DEVWUDFWLRQIURPWKH†&+†JURXSDWWKH¡SRVLWLRQWRWKH†2+IXQFWLRQDOJURXSGXHWR
WKH DFWLYDWLQJ HIIHFW RI WKLV HQWLW\ 7KH ¡ K\GUR[\ DON\O UDGLFDO WKXV IRUPHG UHDFWV ZLWK
R[\JHQWRIRUPWKHFRUUHVSRQGLQJDOGHK\GHLQXQLW\LHOG
• 7KH UHDFWLRQFKDQQHOV LQYROYLQJ+DWRPDEVWUDFWLRQ IURP†&+†JURXSV DW WKH¢£ HWF
SRVLWLRQVJUDGXDOO\GHFUHDVH LQ LPSRUWDQFH VLQFH WKHDFWLYDWLQJHIIHFWRI WKH†2+JURXS
OHVVHQVZLWKLQFUHDVLQJGLVWDQFHIURPWKHIXQFWLRQDOJURXS
• 7KHGRPLQDQWUHDFWLRQSDWKZD\RIWKH¢£HWFK\GUR[\DONR[\UDGLFDOV52DSSHDUVWREH
GHFRPSRVLWLRQWRIRUPDOGHK\GHVDQGK\GUR[\FDUERQ\OFRPSRXQGV
• 7KH ILUVW JHQHUDWLRQ R[LGLWLRQ SURGXFWV DUH PDLQO\ DOGHK\GHV DQG WR D PLQRU H[WHQW
K\GUR[\ DOGHK\GHV DQG K\GUR[\ NHWRQHV WKHLU IXUWKHU UHDFWLRQV ZLWK 2+ UDGLFDOV DQG
SKRWRO\VLV KDYH DQ LPSRUWDQW LQIOXHQFH RQ R]RQH IRUPDWLRQ DQG RQ WKH FKHPLVWU\ DQG
WUDQVSRUWRI12\LQWKHWURSRVSKHUH
%DVHG RQ WKH UHVXOWV RI WKH SURGXFW VWXGLHV GHWDLOHG DWPRVSKHULF GHJUDGDWLRQ PHFKDQLVPV
KDYHEHHQFRQVWUXFWHGIRUWKH2+UDGLFDOLQLWLDWHGR[LGDWLRQRIEXWDQRODQGSHQWDQRO
7KH UHDFWLRQ RI 2+ UDGLFDOV ZLWK WKH LQYHVWLJDWHG HVWHUV PHWK\O SURSLRQDWH DQG GLPHWK\O
VXFFLQDWH LV UHODWLYHO\ VORZPDNLQJSKRWRUHDFWRU FKDPEHU VWXGLHVRI WKHR[LGDWLRQSURGXFWV
GLIILFXOW DQG WKHLU DQDO\VLV LQDFFXUDWH 7KXV WKH IDVWHU UHDFWLRQV ZLWK FKORULQH DWRPV ZHUH
6XPPDU\

HPSOR\HG DV D VXUURJDWH WR PLPLF WKH 2+ UDGLFDO UHDFWLRQV DOORZLQJ WKH ILUVW GHWDLOHG
HOXFLGDWLRQRIWKHR[LGDWLRQPHFKDQLVPRIPHWK\OSURSLRQDWHDQGGLPHWK\OVXFFLQDWH
,QJHQHUDOUHDFWLRQVRIFKORULQHDWRPVZLWK92&VUHSUHVHQWDFRQYHQLHQWPHWKRGWRJHQHUDWH
WKHSRVVLEOHDONR[\UDGLFDOVDQGWRLQYHVWLJDWHWKHLUDWPRVSKHULFIDWHV
• $ONR[\ UDGLFDOV RI VWUXFWXUH 5&22&+

2 XQGHUJR L ¡ HVWHU UHDUUDQJHPHQW UHVXOWLQJ
LQ WKH IRUPDWLRQRI WKH FRUUHVSRQGLQJ DFLG5&22+ DQG WKH IRUP\O UDGLFDO+&  2
LLELPROHFXODUUHDFWLRQZLWK2

\LHOGLQJWKHDQK\GULGH5&22&2+
• 7KHRWKHUSRVVLEOHDONR[\UDGLFDOVIRUPHGLQWKHGHJUDGDWLRQPHFKDQLVPRIWKHVHHVWHUVDUH
IRXQGWRXQGHUJRZLWKGLIIHUHQWUHODWLYHLPSRUWDQFHUHDFWLRQZLWKR[\JHQGHFRPSRVLWLRQ
RU LISRVVLEOH LVRPHULVDWLRQ WR IRUPPXOWLIXQFWLRQDOR[\JHQDWHGSURGXFWVZKLFKVKRZD
ORZHUUHDFWLYLW\WRZDUGV2+UDGLFDOVWKDQWKHSDUHQWVFRPSRXQGV
$6WUXFWXUH†$FWLYLW\5HODWLRQVKLS6$5PHWKRGKDVEHHQXVHGWRSUHGLFWWKHUHODWLYHLPSRUWDQFH
RI WKH YDULRXV DONR[\ UDGLFDOV IRUPHG LQ WKH JDVSKDVH UHDFWLRQ RI WKHVH HVWHUV ZLWK 2+
UDGLFDOV WKHVHHVWLPDWHVKDYHEHHQFRPELQHGZLWK WKHDONR[\ UDGLFDOV IDWHVDVFHUWDLQHG LQ&O
DWRPV VWXGLHV WR SURSRVH DWPRVSKHULF GHJUDGDWLRQPHFKDQLVPV IRU WKH2+ UDGLFDO LQLWLDWHG
R[LGDWLRQRIPHWK\OSURSLRQDWHDQGGLPHWK\OVXFFLQDWH
7KH LQYHVWLJDWHG HVWHUV DSSHDU WR H[KLELW ORZ UHDFWLYLW\ ZLWK UHVSHFW WR R]RQH DQG RWKHU
VHFRQGDU\ SROOXWDQW IRUPDWLRQ 7KHVH VSHFLHV ZRXOG DSSHDU WR EH VXLWDEOH FDQGLGDWHV DV
UHSODFHPHQWVLQDVXEVWLWXWLRQSURJUDPPHIRUDURPDWLFDQGROHILQLFK\GURFDUERQVROYHQWV
)LQDOO\ WKH PHFKDQLVPV FRQVWUXFWHG IURP WKH SURGXFW GDWD REWDLQHG LQ WKLV ZRUN FDQ EH
LQFRUSRUDWHGLQWRPRGHOVWRREWDLQDFFXUDWHHVWLPDWHVRIWKHLPSDFWVRIWKHR]RQHIRUPDWLRQ
IURP WKHVH FRPSRXQGV 7KH UHVXOWV IURP WKH PRGHOV FRXOG VHUYH DV D EDVLV IRU EHQHILFLDO
GHFLVLRQPDNLQJ
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&)& &KORURIOXRURFDUERQ
’%( ’LEDVLFHVWHU
’%( ’LPHWK\OVXFFLQDWH
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’%( ’LPHWK\ODGLSDWH
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035 0HWK\OSURSLRQDWH
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